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INTRODUCTION 


Since 1975, the Minerals Management Service (MMS) Alaska Outer Continental Shelf Region 
Environmental Studies Program has funded over 100 million dollars of research to study the 
Arctk environment. The purpose of these studies = to provide federal resource managers and 
policymakers with the best mmformation avaiable on the Arctic for decision-making purposes, and 
to wmprove our understanding of the potential empacts of of and gas development on tha 
ecologscally semsstive regron 


Information Transier Meetongs (11 Mis) are MMS mandated and are Gesugned to be weed as a 
tool to share MMS Laverommental Studies Program results wath other MMS program personnel, 
and also the screntefxe Community, other federal, state, and local government agencies, and the 
general public. 1TMs generally focus on miormation resulteng from past and present ongoung 
research, m partecwlar lea sale planmeng areas 


The Alaska Region Laveronmental Studies Program has funded two 1TMs to date The first 
ITM was held m Anchorage, Alaska om May 1985 and focused on results of studies conducted m 
the Bervmg Sea region The conference proceedungs (OCS Study 85-0084) are avanlable through 
the Alaska OCS offwe The second and most recent 11M « the subject of these proceedings 
Held at the Anchorage Hilton between 17-20 November 1987, the [TIM focused om studies and 
research conducted m the Arcot regrom - the Beaufort and Chukch: Seas 


In Conyunction with the 11M, the Natronal Qoeann and Atmowhers Adminstration (NOAA), 
Outer Contemental Shelf Lavwonmental Awesement Program (OCSLAP) held an Information 
Update meeting on 18 November, OCSEAP, formed m 1974 as a reswh of an mteragency 
agreement between NOAA and the Bureau of Land Management (BLM), provides MMS with 
marene envsronmental snformatron om support of the meed to make sownd management decisions 
regarding the development of ov and gas resources if Alaska 


The scventelc presentations at the 1987 [TM included a total of 35 speakers. General ispics 
mcluced physcal and chemical oceanography, endangered species, biological scser ces, 
socsroeoonomecs, and mformation management A total of 161 people attended the mecting 
Registered attendees are lsted mm Append ill, A special MMS fisheries study planning session 
was also held on the last day of the meeting, Recommendations from that meeting's discussion 
are included om these proceedmngs 


Summaries of cach speaker's presenta.ion and the discussion following groups of two or 
three speakers are presented im order of the conference agenda with only slight modifications. 
The meeting agenda « given in Appendia |. Speaker bibliographies are included im Appendia Il 


Because many speakers and particepants used acronyms to abbreviate agencies, studies, and 
screntific jargon during the talks and the discussion periods, a list of the acronyms used and 
thew definition & provided in Appendia IV. Metric to English wnt conversions for the reader's 
convenience are given mm Appendia V. 
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SUMMARY OF OFF AND GAS ACTIVITIES IN THE U.S. BEAUFORT SEA 


SUMMARY OF OPERATIONS 


Sin wells were completed im the Beaufort Sea Outer Continental Shelf (OCS) im 1986 and one 
im 1987. The first well im 1986 was Grilled and tested 
into Lease OCS-Y 0371. Spudded in February 1986 and completed im July 1986, the well wax 


— Both wells are temporarily plugged and sbandoned 


third well was Grilled by Amoco mio the Mars Prospect located om Lease OCS-Y 0902 
in Harrison Bay. This well was the first exploratory well drilled from a man-made opray we 
the Alashan Beaufort Sea The sland was constructed Guring the 1985-1986 winter 
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fluctuations. Drillung began on March 1985, and Grilling, testing, shandonment, and site clearance 
were completed om late April The siand underwent gradual melting and wave erosion ot the 
edges and eventually broke up sometome om July 


Two wells were completed wing Canmar’s Explorer 1] Grilish between July and October 
1986. The first well was Grilled by Shell Wester: Exploration and Production Inc. (SWEP!) at the 
Corona Prospect on Lease OCS-Y O87! located i the eastern Sale 87 area im 116 ft of water 
The well was spudded im July and completed on mid-September Upon completion of the Corona 
well mm late September, Union OF} Company of California took over a operator of the Explorer 
1] and spwaded a second well at the Nammerhead Prospect on Lease OCS-Y 0849 im 100 ft of 
water The Hammerhead well was completed om mid-October 


Due to the short open-water operating season, SWEPI and Union both requested and 
recerved @ one-teume exceptron to Sale 87. Lease Stepwlatron No 4, which profiluts exploratory 
Grifiong Gwring the f... bowhead whale migration These exceptions were granted m conjunction 
with the companies conducting a bowhead whale behavioral study to determune the reaction of 
whales to drilling nome Although SWEPT completed drvilong operations on September 10, 1986. 
priot to commencement of the fall migration, the study was conducted during the drilling of 
wells, The study comsisted of serial monitoring and behavioral observations of whales 
were limited whale sightings im the vicinity of Grilling operations. A final report by LOL, 
ecological research associates, Inc, the study contractor, & expected to be submitted mm the 
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Shell and Unica particupated nm the 1986 Oul Whalers Working Group through which industry 
and native whalers established a communications and coordmation program to avond enterference 
wrth the subsasemce whale hunt while conducting drillong operations 


The Commer SSDC was weed for the fist tome i the Alaskan Beaufort Sea mm the 
fall/wieter of 1985 when Teanece Grilled as Phoenia Proapect located of Lease OCS-Y 0338 
Harrison Bay im 61 ft of water The well was spudded im September and abandoned in December 


in 1987, Shell Grilled o third well from its existing Tere gravel inland mm Foggy telend Bay 
on Lease OCS-V 01997. The well was spedded im February and completed im May. Two other wells 
were Grilled from Tern bland m 1982 and 1983, which were temporarily sbandoned 


Tennece spedded a well at its Aurora location on Lease OCS-V 0941 of November 2, 1987 
The well i located approammately 5 miles offvhore of the Arctw Coastal Plam and 128 miles cant 
of Prudhoe Bay and «& currently bemmg Grilled Tenneco & wong the SSDC MAT to Grill thee well 
which was mowed onto location on September 13, 1987. Temaeco partecepated m the 1957 
Oul/Whalers Worteng Growp to avond mmterference with subsestence whaleng actrvities «hile 
moveng the SSDC (MAT onto bocation 


Amoco was granted & one-time exception to Sele 87, Stepwlation No 4, to Gril ats Thorgn! 
and Belcher Prospects dureng the 1987 Grillong seasom om the eastern Beaufort 5.» Amoco bas 
given Ho indication that evther well will be drilled the year 


ARTIFICIAL GRAVEL ISLAND ABANDONMENT 


Two of the four gravel mlands wm the Beaufort Sea OCS have been permanently sahbandoned 
Tason abandoned tts Beechey Pont gravel wland located on Leme OCS-V 0191 m 1983. The 
sland « stell abowe water but shows some sogms of eressom A two-year post abandonment 
momutorung study smdscated that the gradual erossom of the land has not segmificantly affected 
the emveromment, mchudiong the bowlder pat.) community which os located arownd the mland 


Standard Alaska completed fonal rectam: tron and abandonment of ts Mubluk gravel mland 
west of Prudhoe Bay in October 1987. Comeructed m 198), the lend is located i 49 fi of 
water, and i the Geepest water mon-made gravel wland m the US Beaufort. Abandonment 
wchuded removal of the wellhead and caseong from the well to below the mudione and removal 
and diaposal of gravel bags and filter cloth material. ' areas where gravel bags and 
ere exposed, they were removed to a depth of 25 ft below sea level. In areas where the grave! 
bags and filter cloth were cowered with gravel, they were removed to a depth of 15 ft below 
sea lewel, All material below 25 ft was left m place. Am serial monitoring 
conducted by Standard for the next five years to document the condition of the 


Program 
rland 


The two other man-made islands on the OCS, Sandpyper and Tern, are bewng maintauned and 

have temporarily abandoned wells on them Sandpep-r ts located on | ease OCS- 

of water. Tern ¢ on Lease OCS-V¥ 0996 in 22 ft of water, These two islands, and Shell's Seal 
wo well wore enter 
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Additional exploratory Gelineation of the exmsteng Seal bland dmoovery om the Sale BF lease 
area may be mitioted pricr to Wwase experation m 199! Other Sole BP teases may aheo be 
explored preor te the 199! experation date 


There are currently 14 actrve eaploration plans approved for exmteng Beaufort Sea leases 
and exploratory Greflleng actrvetees can be conducted under any of those plans 
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THE ARCTIC OCEAN 


M. J. Hameed 

National Oceanic ard Atmospheric Adminisiration 
Ocean Assessments Division 

701 C Street 

Anchorage, Alaska 99513 


The Arctic Ocean is the smallest and saallowest of the four oceans. It has the most 
extensive continental shelf, occupying 53% of the seafloor and extending as far as 1300 km from 
the coast (im the Barents Sea). In comparison, only 10% of the seafloor of the Atlantic Ocean 
and only 4% of the Pacific Ocean seafloor is classified as continental shelf. 


A cursory look at the map of the Arctic Ocean will reveal that the ocean is nearly 
land-locked, with only a few very restricted openings to the Atlontic and Pacific Oceans: a sort 
of cold med.terranean sea or polar mediterranean. The Bering Strant its about 90 km wide and 
50 m deep. Nares Strait, located between Ellesmere island and Greenland, is only 15 km wide 
and 250 m deep. The mean northward flow of low salinity water through the Bering Strat is 
estimated at 0.6-0.8 Sv (million cubic meters per second), but the flow is quite variable and 
often reverses. The major opening is the Fram Strait, between Greenland and Spitsbergen, which 
is 2,000 m deep and 250 km wide. It is throwgh this strat that water from the Atlanti. Ocean 
flows into the Arctic Basin at an average rate of nearly 7 Sv. This water, warmer and more 
saline than the surface water outflowimg from the Ar.iic, inks to mid-cepths and functions as a 
heat reservoir im the otherwise very cold surrowndings. An apparently large volume of higher 
salinity brine, formed iver the Arctic continental shelf during freeze-up, also exits via the Fram 
Stra ito the North ,itlantic Ocean. This water can be traced by as characteristic salinity and 
dissolved oxygen content. 


Characteristically, the Arctic Ocean has a surface layer of cold and relatively freshwater, 
which extends down to tens of meters. The low salinity of the surface layer is maintamed 
principally by a heavy influx of freshwater from the rivers bordering the ocean, despite the 
constant export of freshwater (and ice) to the Atlantic Ocean. The total annual river runoff into 
the Arctic Ocean is estimated at 3,500 km’, with the Ob (385 km’), Venisey (562 km’), Lena 
(574 km’), and Mackenzie (340 km*) Rivers being the major contributors 


Another main, and much more obvious feature of the Arctic Ocean, is the presence of the 
permanent sea we cover whose expanse « nearly 10 million km’. The ice cover has a 
tremendous influence on the regional climate and ocean circulation: the high albedo (0.6) of sea 
ice reflects most of the incident solar radiation; the ike cover suppresses evaporation and 
impedes the formation of low-to-medium clouds; and strong density stratification in the water 
column retards nutrient replenishment, and as a consequence, primary productivity im the 
subjacent waters during the summer. Sea ice can play havoc with marine transportation and 
installations, and it can impede clean-up operations after an oil spill. 


i 
i 
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The . The paucity of fauna and flora of the Arctic is well- 
known, For example, among the nearly 23,000 species of fish in the world, only 25 to 30 fish 
species are known from the Arctic waters. Similarly, only 40 among the 1,500 copepod species in 

80 species of chaetognaths are known from the Arctic. A 
number of typically North Atlantic and North Pacific species drift into the Arctic Ocean with 
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the inflowing water. Such species, for example, the copepod Neawlonus criviatus, a North 
Pacific (and northern Bering) species fownd m the Chukchi and Beaufort Seas, are not 
comsdered arctsc specees. 


Not oniy « the specees richness m the Arctic Ocean low, the annual primary production 
(and as a comsequence, biological production at all other levels) « low as well, Accord ng to 
recemt estimates, annual primary production over the shelf «m equivalent to 27 gC/m’ and 
declines over the slope to 9 gC/m*. These values represent a 16-fold mcrease over previows 
estemates, but, relative to most other oceams, mcludeng the oligotrophic ones, they are still quite 
low. The factors comtributimg to this low production are several, however, the rapid uptake of 
nutrients from the surface waters during a short burst of primary productivity and eatremely 
retarded replenishment of nutrients from the deeper waters due to the strongly stratified water 
column are clearly the most wmportant. Nwtreents, particularly nitrate-N, are vertwally 
undetectable im the surface layers during the «pen water period (August-September), a nearly 
permanent nutrient maximum layer wo fownd 120-140 m deep. Intense algal blooms and high 
plankton beomass sre known to occur throughout the shelf region, notably due to “upwelleng® 
near the we edge and along small stretches of the coasthme, but they are spatially and 
temporally lumuted 


Why are the spececs diversity and biological production so low” Let ws examine a few 
factors, starting with lower temperature 


Lowered temperatere « one of the most obviows features of the polar coeams Its 
manifestation op biological production and species diversity © probably very mimemal. In fact. 
Margalef has argued that, based on the concept of entropy and asswmeing all other thongs beng 
equal, lowered temperature would favor higher specific diversity m the polar marme ecosystem 
According to Margalef, any ratio of predawor prey - exther m terms of biomass of production - 
ss expected to be higher at low temperature, and of th rate can be extrapolated to the 
ecosystem level, ome could pack more species, and more biomass, with the same amownt of 
promary production. In other words, more trophic pathways could be supported m a cold 
environment, making for a higher diversity. But we know that other things are not equal. A 
closer examination of data reveals that fwucteation of temperature and seasonality of events are 
much more mmportant determinants of biological activity m the Arctic than is the water 
temperature. 


In general, organisms im the polar seas have « higher metabolic rate than would be deduced 
from the relationship between temperature and metabolism for temperate species, ie. the "Q,, 
rule" is not followed. This is because temperature at high latitudes is not only low, 4 is 
fluctuating. A fluctuating temperature is biologically equivalent to a constant temperature higher 
than the mean of the fluctuating temperature. 


Polar phytoplankton do not grow faster than temperate species at low temperatures. The 
observed dowbling time for arctic species (about 0.5-0.8 dowblings/day at O°C) is similar to the 
value one can derive from the relationship between temperature and maximum algal growth for 
temperate species (0.7-0.9 dowblings per day). The optimal growth of a number of phytoplankton 
species (only a few have been investigated) occurs at 9-10°C, remarkably similar to the 
temperate species. It appears that the polar species do mot have particular adaptive strategies 
for lower ambient temperatures. 


Hameed Tae Arctw Occen 


Although temperature per se may not be very umportant m terms of the Arctic biota, there 
are several adaptations that the Arctic fauna and flora have evolwed to benef from what ao 
available and to survive im a highly Muctuating environment. A few such adaptations are noted 
below 


Shade-adapted Ph) toplanktoe: The Arctic phytoplankton = shade-adapted and = known to 
actively photosyathesize at 1% (or ewen lower) of the imcident solar radiation. kk has relatively 
low CCM ratio, bet ender nutrient lumited conditions the ratio mereases dramatically 


Leag Life Cycles: The marked seasonality and pavcity of biological production is also 
reflected im long life cycles of the secondary producers. Some Arctic copepods have life spans of 
two and even three years. A number of small copepeds, whech can have as many os five 
generations per year im temperate waters, have only one generation per year m the Arctic. This 
apparent one-year minimum im pelagic life cycles cowld have evolwed im response to the need for 
delaying spawning wnt the neat phytoplankton bloom to asswre swificsemt food supply for the 
Droud 


Large Body Size: The individual body sive of Arctic anomals o large, thes «= particularly 
obsious im zooplankton There ‘e several probable reasons for the. Large and better -nournhed 
offeprengs wewally have a greater chance of suc vival mm a varyeng and hostile environment. Adult 
populations of such species could be marnmtamed throwgh brologecal competstiom (k-strategy) 
rather than be characterized by marked fluctuations m response toe the physscal environment 
(f-strategy). Let us recall that there « @ posstrve correlation betwen body size and fecundity, 
par’wularly im the case of cold-blooded animals A comparnon of two species of Pacific salmon 
provides an example the average number of eges laid by hing salmon Oncorhynchus ishawstscha 
is 5,000 and that by pink salmon Oncorhinchus gorfuscha 2,000. King salmon, on the average. 
are five tomes (10 ke) larger than pink salmon (2 ke). Thus, the larger the body size, and larger 
the progeny, the greater there the chance of survival throwgh a relatively long life span 


Restiag Spores: Another obviows adaptation for survival throwgh the highly cycle 
environment is the formation of resting spores, which are quite Common among the centric 
diatoms mm the Arctic (resteng responses to unfavorable environmental conditions wth latter 
germination under favorable conditions). ht i of wmterest to note that the resteng spores m the 
diatom Thalasssesra nordensiiocldu are formed mainly at temperatures between 0-5°C and not at 
ali at 15°C. The viability of the resting spores is alo temperaturc-dependent im the case of T 
nordenskioeldii, spores remain viable for wp to 570 days at O'C and only for a week at 20°C. 


Migrations: The well-known seasonal migration of a number of species in the Arctic is cued 
t0 the availability of food and suitable habitat for survival. 
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ARCTIC REMOTE SENSING 


W. J. Stronger 

Geophysical Inststute 
University of Alaska 
Fairbanks, Alaska 99775-0800 


Remote sensing techniques are customarily employed to sample datasets for a variety of 
reasons, including a need for simultaneous wide area cov-rage, a requirement for data acquisition 
at hostile of mot easily accessible locations, and a desire for data samples at remote locations at 
relatively high rates. The sampling of environmental conditions im the Arctic & a particularly 
good example of the utility of this approach to acquiring data simply because remotely sensed 
information is often the only record of events and thew sequence. 


The best known remotely sensed datasets are mm wmage format. These first became available 
im the form of meteorological satelite wmagery im the late 1960s, but the data quality from this 
source was considered rather poor for surface environmental studies until the early 1970s 
Starting mm 1972, LANDSAT wmagery became available in four sampled wavelengths, including two 
bands om the near infrared which made vegecation-related studies possible. These images provided 
data at 80-meter resolution which yielded a wide variety of arctic mformation, including 4 
number of datasets of considerable interest to the Outer Continental Shelf Environmental 
Assessment Program (OCSEAP). Examples are: drift patterns of sediment suspended in the ocean, 
the bowndary of the fast we and its change over time, the movement of drifting we (see Figure 
1), the timing and patterns of ice formation and removal (see Figure 2), and the location of 
massive sce ridge systems. About this same time the quality for the meteorological satelines 
thermal infrared sensors improved to the pount that studies of oceanographic temperature related 
phenomena could be undertaken These images yielded information concerning temperature 
distributions mm the Alaskan offshore environment, including the alongshore drift of warm water 
from the Alaskan Bering Sea coast through the Bering Strat into the Chukchi Sea. In addition, 
the thermal infrared images have yielded sea ice information during the dark winter months 
when visible band mmagery was not useful. In particwlar, these images have yielded the presence 
and size of polynyas m the Bering and Chukchi Seas. Recently, LANDSAT added a 7-channel, 
high resolution “Thematic Mapper” These two datasets - the US. meteorological satellite data 
currently acquired by NOAA-~7 with the 5-channel Advanced Very High Resolution Radiometer 
(AVHRR), and the LANDSAT series data currently acquired by LANDSAT 5 with both a 4-channe! 
MSS and a 7-channel Thematic Mapper - represent the major source of arctic remotely sensed 
wage format data. Al present, this dataset is very nearly fifteen years im length and is a 
valuable source of statistical data describing a variety of enviroumental conditions. 


However, these are not the only datasets available The US. Air Force conducts the 
Defense Meteorological Satellite Program (DMSP) which has operated a series of meteorological 
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A few years ago. NOAA placed a 5- 
chanme! passive microwave radsometer onboard 
a Nembus sateline as part of an exapermmental 
attempt to provede sea we Gata that was not 
clowd dependent These smages are availabe. 
but the resolution 6 om the order of tems of 
kilometers and, therefore, the data are 
generally only wsed to determine gross 
features of the Arcte and Antarctc «we 
packs Nevertheless, these data have been 
utilized om statitecal studses of the we edge 
lavateom durene clowdy persods when no other 
data were avarlable 


The SEASAT data showed that a great 
deal of ecean and we mformation cowld be 
otmamed comtemuowsly by radar elomenateng 
mierferemce from clowds of the need for 
Hhuminatiom and thus created a worldwrde 
mierest om emage data from the sowrce 
Currently three orgamezatroms - the European 
Space Agency, the Japanese Space Agency, 
and the < enadian Center for Remote Semseng 
- are all plamnung to lawnch satelivtes carryeng 
mageng C-band SAR starteng m 1990. In 
preparation for the, the Natsomal Aeronawtecs 
and Space Admuenestratreom had funded a 
project te enetall a recerveng station for these 
datasets at the Geophysscal Imstuute of the 
Lorwersty of Alaska Faswbenks SAR data 
»Sen recerved « actually a hologram, beng 
Mather “atecally convelyted om beth azimuth 
and range. As @ result, a rather large computer 6 requewred to perform the deconvolution 
operations before an wmage can be seen. This operation, as well a archiveng, cataloging, and 
distribution, will be performed at the Alaska SAR Facility. The first mmages showld be avaiable 
early m 1990 


A variety of studies are envissoned to be based on these data - some of which showld be of 
mterest to OCSEAP. These include studies of we flee movement and polynya formation - both of 
which have met limited success in the past as a result of clowd and fog cower. In addition, a 
will be possible to more adequately monitor Beaufort Sea alongshore flow during summer as 
mdicated by we drift. These flow patterns have offered tantalizing glimpses of gyres and other 
mteresting ice edge phenomena im the data available to date Another area where mformation 

enhanced is the availability of we presence data in general. In particular, our 
ort Sea showld be enhanced. Tha & important because we & 
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which anchor the fast ice. Finally, we know from SEASAT imagery that through SAR wmagery, a 
will finally be posible to monitor the presence and motion of we wlands and other large xe 
features such as multi-year foes. 
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broad continental shelves of the Beaufort and Chukchi Seas are one of the remaining 
undeveloped areas that show potential for ov and gas production The presence of sea we for up 
to ten months of the year requires specially Gessgned Grilleng rigs, lomets the Grilleng seasons. 
be weed to explore for petroleem and produce & when 

Prot oor cover and sts thickness and extent are essential paranveters on 
the engeneerong designs needed for both exploration and production Therefore, bmow ledge about 
sea to Owr emterest generated by scrente x 


OCSEA Program must provide onput for the Enveronmental impact Statement 
effects of Arctsc offshore petrolewm exploration and productson, the fate and 
behavior of off spilled Guring any of these operations must be known. Studies hawe shown that 
we cover ail! be comtamed by the rough top and bottom surfaces. 
and & will move with the we Therefore, & we are to know where off might be transported 
the 


after a spill, we must know motion of the sea we cover. We are interested primarily m the 
large scale motion of the we over time periods of months to years When the te moth n & 
different at twe locations, the deformation between the we floes changes the ice condition On 


scales of tems of kilometers, Geformations ooowr as leads form, and the we flees raft and ridge 
These processes must be wnderstood im order to Gescribe the large scale behavior of the sea we 


Sea We motions have been measured directly by placing comers of buoys on an we flee, and 
observing the change om position useng the NOAA satellites These ARGOS buoys perimdically 
tranemat a known high frequency signal that is receiwed by a sateiine. The frequency of the 
segnal appears to change because of the satefine motion, and the change allows the buoy 
postion to be estemated The ARGOS buoys have been deployed throughout the Arctic Basen 
sence the mad-1970s, and, slong with camps, have provided roughly 120 station-years of we 
motion data These observations have beem used durectly to estemate the average soe motions at 
each location and the range of motions from one season of year to the neat. Buoy position 
estomates are accurate to within 03 km, and daily-average velocity estemates are accurate to 


a we cower These models wee winds of barometric presture fields 
estimates of the sea We motions a output. Barometric fields were avaliable as carly 
the 19503, and provided « longer term Gatebase than the buoy measurements. Mowever, the 
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The dynamics of the Chukchi Sea ice behavior are complicated because the region is 
inflwenced by many processes. To the north, the Chukchi Sea merees inte the Beaufort Sea with 
its multi-year ice Cover. To the sowth, im the Hope Basin region, the ice is confimed by the land 
Near the Bering Strait, « ow affected by the current, that has a northward average, but is 
punctuated by strong reversals that exert large drag forces on the ice. Simce 1976, there have 
been at least six field projects, each of which deployed 4-6 buoys on the ice. The ice behavior 
was generally somilar from year-to-year, and here we Gescribe the woe behavior during one such 
project. 


From December 198! throwgh June 1982, the average drift of the Chukchi Sea ice cover 
was toward the northwest, moving approsimately 650 km. ice from the Hope Basin moved 
north-northwestward about 500 km. Within about 200 km of the Alaskan northwest coast, the ice 
tended to move back-and-forth alongshore in episodes lasting approsimately 10 days. The daily 
ice Motion was typically 5-10 km, which accwmulated to about 200 km per month, but because 
the we moved back~and-forth, the net seasonal displacement was about 100 km or less. The tidal 
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becomes heavily rubbled by the deformations that accompany the frequent ke motion im tha 
region so that the ice stress can become large and Gominate the force balance equation. 


We have just discussed the sea ce behavior during 1981-1982, when sea ccc im the 
northeastern Bering Sea was transported northward into the Chukchi Sea. Several buoys drifting 
si back-and-forth through the Bering Strait wp to three times. 
previows year, a similar northward transport, without the oscillations near the Bering 
; satellite wmagery has shown, and modeling 
and sowthward currents have transported 
dca eg tray ear Al some times during southward currents, a structural arch 
the Bering Stran, with the ice stresses resisting the drag force from the 
ents. Studies using mathematical models have shown that these arches can 
the currents and winds are large enough. 
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lce dynamics models have shown that the currents exert the dommmant force on the we 
during the times when the structural arch breaks down. The set wp set down of the sea level to 
the north and sowth of the Bering Strait causes these currents, which create drag forces on the 
we that are larger vhan the local drag force from the winds. During arching conditions, the 
mternal ice stress field is similar to that found im the soil above a tunnel or im a stone wall 
over a doorway. At the same time, the central and western Chukchi Sea ce is prevented from 
moving southward by the northern Siberian coast. This support is semilar to a column acting a 
a buttress for the arch. 


ARY 


Since the mid-1970s, we have learned much about the ice motions in the Beaufort and 
Chukchi Seas. The average motions and the range of variability from year-to-year have been 
estimated from well over a hundred station-years of observations. In general, the ice motions 
follow the patterns suggested by earlier investigators. There have not been too many surprises 
as we have quantified this behavior, Mathematics! models have been developed, and these can 
Geseribe the observed behavior accurately. The models provide understanding about the forces 
tha, cause the observed ice motions, and allow wus to estimate ice Motions during times when we 
motion data are not available. Together the data and models provide the information needed to 
describe ice behavior that might be expected during the exploration and production phases of 
petroleum development im the Beaufort and Chukchi Seas. 


REFERENCES 


Barnes, P. W.. D. M. Schell, and E. Reimnitz (eds). 1984. The Alaskan Beaufort Sea. Academic 
Press, Orlando, FL. 


Coachman, L. K.. K. Aagaard, and R. B. Tripp. 1975. Bering Strait The regional physical 
oceanography. University of Washington Press, Seattle, WA. 


ee 1986. The random transport of oil by sea ice. Water Science and Technology 
12 4.25-99. 


Pritchard See Ice Motion 


Dyer, 1. C. Chryssostomidis (eds). 1983. Arctic Technology and Policy. An assessment and review 
for the next decade. Hemuphere Publishing Corporation, Washington, D.C. 


Hood, D. W., and J. A. Calder (eds). 1981. The Eastern Bering Sea Shelf Oceanography and 
Resources. Vol.!, University of Washington Press, Seattle, WA. 


Kolle, J. J. and R. S Pritchard. 1983. A comparison of two sea ice trajectory mode with 
AIDJEX observations. J. Energy Resowrces Technology. 105(3).346-%51. 


Kovacs, A.. D. S Sodhi, and G. F. N. Con. 1982. Bering Stran sea we and the Fairway § eck 
loefoot. CRREL Report 82-31, Cold Regions Research and Engincering Laboratory, Nanuver. 
NH. 


Kozo, T. L.. W. J. Stringer, and L. J. Torgerson. 1967. Mesoscale nowcasting of sea ice movement 
through the Bering Strait with a description of major Griving forces. Monthly Weather 
Review. 115 1)93-207 


Overland, J}. E.. and A. T. Reach 1987. Northward flow im the Bering and Chukchi Seas J 
Geophys. Res. 92(C 7) 7097-7105 


Pease, C. H., and & Salo 1987 Sea we drift near the Bering Stran during 1982. J. Geophys 
Res. 92(C 7) 7107-7126. 


Pritctard, RS. R. W. Reimer, and M D. Coon 1979. koe flow through straits. /n Proceedings 
of POACTS, Vol. 3, Trondhewn, Norway 


Pritchard, «x. S. (ed). 1980. Sea we processes and models. Proceedings of Arctic loe Dynamics 
Jount Expermment International Commission on Snow and ice Symposium, University of 
Washington Press, Seattle, WA 


Pritchard, R. S. 1981. Mechanical behavior of pack we. /n: Mechanics of structured media, 
A. PS. Selwadurai (ed). Elsewser, Ammoterdam. Part A. 


Pritchard, R. S.. and D. J. Hanzhck. 1987. Chukchi sea ice motion 1981-82. To appear m POACS?, 
University of Alaska, Fairbanks, AK. 


Reimer, R. W.. J.C. Schedvin, and B.S Pritchard. 1981. Chukchi Sea ice motion. /a: Proceedings 
of POACSI, Universite’ Laval, Quebec, Canada. 


Reynolds, M., and C. H. Pease. 1984. Drift characteristics of northeastern Bering Sea ice during 
1982, NOAA Technical Memorandum ERL PMEL-55, Pacific Marine Environmental 
Laboratory, Seattle, WA. 


Shapiro, L. H., and J. J. Burns. 1975. Satelite observations of sea ice movement im the Bering 
Strait region. Pages 379-386 in Climate of the Arctic, G. Weller and S$. A. Bowling (eds) 
University of Alaska, Pairbanks, AK. 


Sodhi, D. S. 1987. ice arching and the drift of pack ice through restricted channels CRREL 
Report 77-18, 1977, Cold Regions Research and Engineering Laboratory, Hanover, NH. 


23 


1087 MMS - Arctic Information Transfer Mecting 


Thorndike, A. S. and R. Colony. 1982. Sea Ke motions m response to geostrophx winds J 
Geophys. Res. §7(C 75845-5852 


24 


THE LARGE-SCALE PERSPECTIVE 


The Arcte Ocean «© a markedly mediterranean sea, and the combined with the high 
latitude leads to a unique clomatology and circulation. Of particwlar wumportance are the processes 
and conditions native to the periphery of this largest of the world’s mediterranean seas, for an 
understanding & now emerging that the Arctic Ocean is to a large Gegree forced at its lateral 
bowndaries, and that much of the organized transport appears to be trapped along these 
bowundw ves. ht & within this perspective that we need to understand the regional oceanography 
of northwestern and northern Alaska, for the ewents which oocwr there have comsequences for 
regions far removed. Conversely, these shelves are theaneives affected by events origmating m 
distant places 


Four major inswes are involved ocean ventilation, bowndary currents, eddy generation, and 
advective exchanges with the seas to the south 


Ocean Ventilation Beneath a shallow mined layer, the Arctse Ocean « very strongly 
stratified. This effectively tsolates most of the Arctx Ocean from the overlying atmosphere, 
with enormous comsequences for the clematology of the simosphere, we, and ocean. A second 
remarkable feature of the Arctse Ooean is the wery saline water which fills the Geep basins and 
flows sowth inte the Greenland and Norwegian Seas, ultimately to exert thew mmflwence on the 
deep North Atlantic. A variety of physical and geochemic.. work during the past few years has 
shown that both of these basim-scale features hawe their origin ower the shelf seas bordering the 
Arctxc Ocean These shelf seas are therefore ventilating both the imtermediate and deep ocean, 


strong, but narrow boundary currents directed counterclockwise slong the perimeter of the two 
mayor basens (the Canadian and Eurasian) These currents are fownd subsurface over the upper 
and | 
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Figure |. Correet roses from 1976-80. Depth of measeremest shows edjecesi te cach rose. Heavy 
thew mooring locetions. Adapted from Aagaard (1984). 


Eddy generation. Essentially the entire concentration of kimetic energy within at least the 
Arctic Ocean is in the field of time-dependent motion. In tern, below 
single largest identifiable contribution to the time-dependent motion « from 

mososcale eddy field. These small vortices have a characteristic diameter of about 20 km and 
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Advective Exchanges. While the largest exchanges between the Arctic Ocean and the sear 


to the sowth are through the various passages connecting to the Atlantic, the inflow from the 
Pacific through the Bering Strait plays crucial role im maintaining the Geneity structure of a 
a? 
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least the upper Arctic Ocean (Figure 3). As pointed out earlier, this has enormous Climatic 
consequences for the Arctic. On the regional scale, the effect of this inflow is also unequivocal, 
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this large-scale perspective, | will provide a brief synopses of the regional 
off northwestern and northern Alaska 
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excursions of 100 @ or more, bul their dynamics and significance are af this point act well 
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Question (Crane) What are the engineering writs on the pressure ridges? What & the scale of 


the pressure fields om those ridges’ 


Respoase (Pritchard) Tm sorry | Gon wnderstend. You mean what stress and what forces con 


Settomg om 

we would 

Cc 

which are 
y are probably 


of the Arcte Ooeen As to how they tranepert, & may be @ bitle 


However, there are other eddies that have been fownd that extend much 
ater masses. For example, wath the Atlantic leyer, and 
sede 
think of them sempty as passively beeng moved arownd 
which has scale speeds of probably less than a centometer 
porbeny cag tnficmalicny yo There @ sho recent evidence that 
@ach Se, the anewer & i don't think we know anything useful 
wajectery of such edie: However, the Bao « full of them ~ something lhe @ third to @ hol, 
maybe at any given time, the area wowld have & coherent wortes tke tha 


Respoase (Aagaard) The vast majority of the eddies that hawe been seen are 
other © 
the other 


the major Generly structure, sitting m the pyonocime And those are the ones 
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Respoese (Aagaard) Well, yes & would. There are other ways of getting tha. For exnmple, 
collapse features. | swapect that very nice dlide shown by Dr Hameed: of the northern Chukchi 
Coast, & you look how complicated the bathymetry was over on Chukchi Rise, which & just 
where you have a large input coming across the central Chukchi through Hope Sea Valiey | 
swuapect that & @ place where you cowld probably generate these things. But what poms to the 
Chekchi and Alashen Shelf as @ source are the base weter properties And there was 
sugpestion wery, very early, for example, that before the significance of those anomalies was 
fully appreceated, these cowld be locally generated om the Arctx Qoean through a berochens 
ometabvlety, and | thenk that os probably empossitle the Gynamns sumply doesn’! permit that 
They are comeng from the edges tn all these thongs we are sayeng that the edges control what 


| 


Question (Newman) When you talked abowt the result of the swe pressures or the we movement, 
can you say anythung about forecasteng of we motion from an operational standpownt’? I'm 
referrong more to when you are forecasting Can you forecast wah any degree of certamty’ How 
much Wad tome (ois howrs, twelve hours, a week)? What will that result be on operations” 


Reapesse (Pritchard) Ves, | think thet the models that | talked shout have @ very powerful 
capabilay for forecasting for up to the order of a week | belewe win. con be forecast with 
conf dence with some Gegree of shill out to that tome imterwal, and the models can then predict 
the behavior, The one thing ignored is that we are able to predict the currents. Depending on 
the region that you are i, & your currents sho howe to be predwted, then you have @ coupled 
we-otean model Thee & a far more complicated situation Wf that has to be Gone to the same 
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OCEAN CIRCULATION AND OIL SPILL TRAJECTORY MODELING 
FOR ALASKAN COASTAL WATERS 


Applied Science Associates, Inc. (ASA) is currently ender contract with NOAA/OCSEAP to: 


© Provide the National Oceanic Atmospheric Administration (NOAA) and Minerals 
Management Service (MMS) with hypothetical stochastic of! spill trajectories for 
specified launch points in Alaskan coastal waters as input to oi! spill risk analysis for 
proposed lease sales. 


e Compute dynamic oi! ma . balances for selected spills. 


© Provide high resolution hydrodynamic modeling for selected areas in support of other 
study efforts. 


© Document the development and application of the models by preparation of publications, 
reports, and a model user's manual. 


With the significant decrease im leasing activity over the past several years, ASA, im 
response to guidance from NOAA and MM%, has focused on a series of model verification 


The ASA two-dimensional, vertically averaged hydrodynami model was applied to predict 
the wind-forced circulation in the Bering and Chukchi Seas. A simulation of the steady state 
flows induced by a 10° sea surface slope between the North Pacific and Arctic Oceans gives a 
northward transport of 1.97 Sv (Sv=10* m® s°'), with 67% and 33% of the flow passing through 
the Anadyr and Shpanberg Straits, respectively. The transport and velocities im the straits scale 
linearly with the imposed slope. A wind field derived from the Fleet Numerical Oceanographic 
Center (FNOC) model and validated with available observations was used as input to perform 
simulations for February 1982. Comparison of model predictions to current and sea elevations 
observations (Figure |) in the Shpanberg and Bering Straits and Chukchi Sea are generally in 
good agreement (R=0.78). A sensitivity study investigating the influence of open bowndary- 
condition specification, model grid size, bottom friction coefficient and wind-forcing 


normally under -predicts the wind-driven response. Correlation of model - predicted transports with 
speed are in reasonable agreement with the data and have 
correlations of 0.3 o hgh. The Wramport wind weed corrétion approximately 4 actor of 
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was employed to predict the trajectory of five 
ice Grift buoys Geployed by NOAA/PMEL during 
February 1982. Model predictions generally show 
the correct sense of travel and reproduce 

of movement 
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f 
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warts vei ccrry 
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and accuracy m the wind field 


The ASA _ two-dimensonal vertically 
averaged hydrodynamic model m spherical 
1 vith O2 tattwde and 0317 
longitude resolution was employed to predict the 
semi- diurnal (My. N,) and diurnal (Ky, O,, and 
P,) tides m the Bering and Chukchi Seas. 
Boundary conditions for the model were derived 
from Schwiderski’s global ocean tidal model 
Model predictions for the amplitude and phase of 
the sea elevation and major/mimor ans speed and 
direction of currents were compared with 
observations collected by researchers from 
NOAA /PMEL and earlier modelong mmves*igations 
The model predicts a comples tidal pattern for 
the study area with the semi-diwrnal and diurnal 
components having seven and four amphidromic 
systems, respectively. Several of the systems are 
virtual, with thei centers located very near or 
on land. The predicted number and location of ‘Figure 1. Comparison of model predictions 


| 


these systems i generally in agreement with (solid lines) to observations (dots) for 
previous modeling studies. Figure > shows the winds, currents (Shpanberg and Bering 
model predicted co-amplitude and phase lines for Straits) and sea elevation (Chekchi, 
the M, tide. Model predicted tidal amplitudes for Bering, Anadyr and Shpanberg). Model 
both the semi-diurnal and diurnal tides are predictions use the fine-grid simulation. 
typically within 2-4 om of observed, while the Data is derived from Aagaard of a! 
phase differences are 15-30". The model (1985), except for the wind, which is 
estimated tidal currents are within 3-7 cm/s and taken from Tia City, Alaska. The 
the orientation of thy major axis is within 10- horizontal \xis is time in days. 


33° of observed values. The largest predicted 
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Spaulding Ocean Circadation and Oil Spill Trajectory Modeling 
For Alaskan Coastal Waters 
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Figure 2. Hydrodynamic model predicted cotidal map for the M, tides. Solid lines (a) are co- 
amplitude lines (cm) and dashed limes (b) are co-phase lines referenced to Greenwich 
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the model and to gain an improved enderstanding of the circulation dynamics of the region. The 
model predictions are being made on «2 15-25 km resolution grid for two 30-day periods: October 
1986 and February 1987. These were selected by NOAA/MMS personnel as being two periods of 
particular interest. Wind-forcing will generally be Gerived from the FNOC's weather model. FNOC 
predictions will be compared to freld observations to assess the performance of the wind mode! 
The we fields will be imitialized weimg the NOAA jot ice Center soteline-derived data and 
other available observations Model-predicted currents and sea surface elevations will te 
compared to avarlable field observations 

The second study im progress & the preparation of a comprehensive user's manual for the 
model system 
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~ borrow source at site. ~ borrow source 6 mi from site. 


Note: Figures have enlabeled ¥ axis because data is proprietary. 


In order to estimate production platform costs, generalized platform concepts were 
developed for artificial wlands and bottom founded systems. Prelommary designs were prepared 
and used as the basis for preparing cost estimates. For arteficial wlands, only the CRI concept 
was considered. A SBI was not considered because of the permanent nature of the platform and 
the extensive annual maintenance that would be required. Althowgh the recently developed 
Endicott Field utilized gravel islands, a gravel island was not considered because of the probable 
wnavailability of a sowrce of gravel borrow within an economical dictance from a Geepwater site. 
The prefabricated bottom founded production platform concept, referred to as a Conical 
Production Structure (CPS),  semilar to the CDS 


Figure 3 illustrates qualitatively the minimum platform capital cost versus water depth for 
production rates of 100, 200 and 300 millions of barrels per day (MBPD) and assuming that the 
source of borrow material for the CRI is located adjacent to the platform site. Figure 4 is 
similar, but a is based on the assumption that the borrow sowrce is located 6 mi from the CRI 
site. The figures reveal that for higher production rates and deeper water the CPS « more cost- 
effective and conversely, for lower production rates and shallower water Gepths, the CRI is more 
cost-effective 


TRANSPORTATION TECHNOLOGY ASSESSMENT 


The primary alternative for transporting crude oi] from ihe Diapir Field to the “Lower 48° 
iS to install a marine pipeline to shore and land pipeline connecting to the existing Trams-Alaska 
Pipeline System (TAPS). TAPS has a rated capacity of 2.0 MBPD and present throughput ss 
considerably lower. In addition, the capacity of TAPS can be increased, if necessary, by adding 
pump stations, using flow improvers, and looping critical pipeline sections. 


49 
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At & sensitivity Case analyses, @ was assumed that TAPS will be wnavailatie for crude ol 
produced from the study area. In this case, a number of alternative transportation systems were 
dered. iactoding: 


© A marine pipeline to shore and a land pipelime to and paralleling TAPS 

e A marie pepeline to shore and a new north-south pipelme 

e An offshore loading /storage system and icebreaker tankers 

e & zarian pigelinn to © neamhere terminal Gor tending lesbeesher tashen 
Marine Pipelioes 


Padron Beas /ort 


| - | ii cf th +3 F. 
a if Ht 
] ap de ri 
| | | Ea ie 
oe als i i 
rT \ : a} : i? 

WA af Ht ale 
-_, AF FH: HE 
Wk f toc it i 
| | \}A fae it ih 
a! * i “id HH HH 
EAB: 


il 
| 
| 
ii 
i | 
: 


The use of the production platform as the offvhore loading 
henefets ower the use of an endependent structure 


e 

e 

e Lower manpower requirements 

© Consolidation of operations at a wengle location 


However, the concept does have seweral areas of concern requerong further study, particularly 


© Diffiwwity of arranging 2 loading system that will permit the moored tanker to 
weathers ane 


@ Adulity to provide suffsceert fendermng to prevent @ catastrophe collmson 
e Capacety and behavsor of moormg hawsers 


@ Abulety to adequately clear we rubble 


cu i 


i 


tors and sowrce-diagnostsc trace metal and hydrocarbon concentratioms were Getectable on the 


year study was mitiated to develop a monitoring program to determine whether changes im bey 
Beaufort Sea environment 
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© Lecetion of stations within Lease Sale No 7i. 


e Use of a combened area wide and activity specific strategy 


wide and actrvity- 


¢ Incorporation of a gradient approach slong with both the area 


spec approa hes: 
¢ Reoccupation of a lumeted number of baselene stations 
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Figure |. Beaufort Sea monitoring program study eres. 


After the first sampling year, some menor changes to the base sampling design were made, 
and 10 river and shoreline peat stations were added. All stations sampled during the three-year 
study are shown m Figure 2 


The field program «as comprised of three annual sample collections carried owt during the 
summer open-water seasom Statioms were oversampled and exght replicate surface (0-2 cm) 
sediment samples were collected at each stateom Infawnal bivalves and amphipods were obtained 
at selected statioms throwghout the study area. Samples of shorelene peat and river sediment 
were obtamed during Year? and Vear) to examine the influence of these sowrce materials on Nac 
composition of the Beaufort Sea sediments 


Laboratory Analysis 


The trace metal and hydrocarbon parameters for which analyses were conducted were 
selected becaurs of thew wmportance as indicators of ov and gas development activities and/or 
thew torsity Replicate sedument samples and animal tuswes were analyzed for barium, 
chromium, vanaciem, lead, copper, cadmium, and rine (Ba, Cr, V, Pb, Cu, Cd, and Zn) by X-ray 
fluorescence, atom absorption and mductively-coupled plasma emission spectrophotometric 
techniques. Saturated and polynuclear aromatic hydrocarboms (PAHs) were analyzed ty flame 
sonization gas chromatography (GC-FID) and gas chromatography -mass spectrometry (GC/MS), 
respectively. Sediment gram size and total organic carbon (TOC) analyses were paired with trace 
metal and hydrocarbon analyses to aid om imterpretation of the geochemical dataset. 


Annual and three-year mean concentrations of trace metal and hydrocarbon parameters 
were ditermined and confidence intervals for each parameter were established Statistical 
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Figure 2. The Beaefort Sea monitoring program stedy area ond station locations 
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analyses (two-way mised-model ANOVA) were performed to characterize the temporal wari bulity 
of trace metal and hydrocarbon concentrations, and to make station -to-station comparnoms 
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Sediment Trace Metals 


RESULTS 
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has involved tide measurements as well as geodetic and photogrammetric surveys. Some active 
areas have been surveyed two or three tomes since 1980 and some fairly stable areas have not 
been resurveyed since the orsginal CAGS surveys. 


The BWG work has further documented observations which have been made by many 
previous observers im the Alaskan Arctic. The most significant changes from 1950 to the present 
are as follows 


e Offshore islands in the Beaufort Sea are migrating rapidly sowthward and are generally 
being reduced im size. Retreat rates of wp to 20 meters per year have been noted. The 
Plover Islands east of Barrow are among the most active. 


© Breaks and reconnections are common occurrences im offshore wlands and bars. Lateral 
movement of seduments greatly exceeds shoreward movement. 


© The frozen mainland coast of the Beaufort Sea is also eroding rapidly. Erosion rates 
exceeding 10 meters per year are common from Cape Simpson to Cape Malkett. 


© River deltas, for the most part, are mot advancing m the Beaufort Sea and are im fact 
retreating im some areas. The Colville Delta is accreting m the east but & eroding 
rapidly im the west. 

© The greatest amounts of coastal retreat are associated with fall storms when west winds 


have created high meteorological tides and when the coast has extensive ice-free ocean 
areas offshore. 


© Erosion rates along the Beaufort Sea coast appear to be much higher than along the 
Chukchi coast, but BWU surveys have not been completed in the Chukchi Sea. 
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Response (Richardson) All the evidence suggests that food m a whale’s stomach turns over and 
disappears very rapidly. So, on the scale we are looking at, the food i acquired at the place 
where the whale is killed. Is that what you're asking’ 


Questions (Holland) Yes. | was wonderme how long assemilatoon takes and of anybody has looked 
at that? 


Response (Richardson) Whales that are chased for a long tome, a few hours whole they are being 
hunted, generally have empty stomachs. Evidence of that sort suggests that i turns over pretty 
fast. Another avenue of argument that based on what owr energetic calculations say whales 
must aogeire per day im order to come close to meeting thew annual energy requirements versus 
the size of the stomach, they've got to be turning over the content of the stomach im a matter 
of howrs im order to be able to eat enough 
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OFF AND TLTHAUSIIDS LABORATORY RESULTS, ECOLOCICAL NOTES, 
AND OIL SPILL IMPLICATIONS 


Paul At whman 

hohman Enverommental Services 
P.O. Boa 1902) 

Portland, Oregon 97219 


OBJECTIVES 


The enveronmental assessment of of and gas development mmpacts m arctic marme waters 
must mnchude indirect as well as direct empacts to marmme organmms. The bowhead whale (Balane 
mystuctus), which has special tbiologscal and seocrsl seogmeticance, has received @ great deal of 
screntific attention m recent years. The Memerals Management Service (MMS) funded recent 
research concernung the effects of spilled of on kao (euphawseds), a mayor food tem of 
bow heads 


This presentation breefly summarizes the results of laboratory tests m whech ewphawswiids 
(Thysanerssa ranch) were exposed to varrows Concentrations of the water-soluble fracteon (WS!) 
of Prudhoe Bay crude ol. These results are then synthesized with mnformation from a variety of 
sowrces to estemate the wmpacts of a hypothetical of spell te ewphausnd populations m the 
Alaskan Beaufort Sea 


STUDY RESULTS 


Laboratory results showed that WS! comoentratioms prodwceng ewphausnd mortalities were 
relatively high, compared to published reswits for other crustacean specie’ Larval anemals were 
less sensitive to ool WSP than juveniles of adults, gravid females were the most sensitive of the 
groups tested (Figures 1-4). The higher concentrations of of WS! also reswited m longer perwds 
between molts for adult euphausuds 


The effects of hypothesized of spills on euphausid populations m the Beaufort Sea are 
difficult to estemate Gwe to a scarcity of ecological mformation for the species. Distr: Dwtron and 
abundance data are virtually non-exmtent, le cycle mformation for the Alaskan Beaw* ort is also 
unknown. for these reasons, indirect mformation concerning euphauwsnd ecology “35 used to 
estomate parameters for the oul spill scenario exercuse 


The synthesss of ewphausiud and oi! laboratory results, literature on the behavior of spilled 
ol om marme waters, and estimates of euphausid ecology m the Beaufort Sea resulted m the 
conclusion that the effects of a hypothetical ov spill would be negligible regarding euphausiid 
populations 


CONTRIBUTIONS TO BASIC KNOWLEDGE 


The laboratory tests discussed im this report provide important information regarding the 
effects of oi WSF on arctic euphausids. These tests may be the only such work accomplished 
with 7. raschi, and demonstrate th-* this species & easily maimtaimed and used for toawity 
testing 
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levels of off WSF. 


PERCENT SURYIVAL 
ES 


sCowmren 26 mee 
7 com oe ©! mee 
60 4) met op? 1 me 
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Figure 2. Gravid Temale cuphawsiid worvival 
at test levels of off WSF. 
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The of tonicity Merature indicates that pelagk organiems are more sensitive to off than 
either benthic or imtertidal organisms. This is attributed to pelagic organioms being adapted to o 
relatively more waitorm environment This generalization is not clearly demonstrated by a 


tohman Oil ond Euphausuds 


comparnen of our test results with those for benthic and imtertsdal animals, although « must be 
stressed that comparnons between tosscity studies of this mature are generally not valid. 


Larval crustaceans have generally been described as somewhat siore sensitive to oi than 
adults. owr test results show the opposite for T. rawhi 


A syathesss of available Inerature and unpublished accownts mndicates that 1) ewphawsids 
are more important im western Beaufort food chams than m the eastern Beaufort, 2) arctx cod 
(Borcogadus saida) and bowhead eheles (Balacna myviicetus) are mayor cComsumers of ewphauwsids 
im the western Beaufort, renged seals (Pause Sispida) and sea birds are minor comewmers of these 
organmmes, 3) ewphawsiids Comprise a major portion of the bowhes 4 whale annual dict, 4) the 
Fount Barrow -Plover kiand area supports mayor seasonal concentrat oms of ewphawsirds, and thus 
provides an wemportont feeding area for birds and mammals, and 5) ‘he Bering Sea mtrwsion could 
be an emportant variable om ewphaused popwlatiom dynamics, ‘apply eng favorable envy sonmental 
comditioms as well as emported euphausids 


CONTRIBL TIONS TO ISSUES OF OTL AND THE ENVIRONMENT 


The matemum measured and predicted oo WSF concentrations om arctsc marmme waters dureng 
a spill event are lower than concentratioms that produce tethal or swb-lethal effects on 
euphausends m the laboratory. The hwhest concentration, m fact, seem limited to the top few 
meters of the water column, and decay curves are fairly short. Any effects of spilled of on 
zooplankton poowlatioms are lwhely to be short lwed due to the patchiness of sooplankton 
density, the production lewe! of these anemals, and the smportation of anumals from other areas 


Given the conchuweons drawn above, the effect of oi spills on the food supply of bowhead 
whales « probebly negligible 


The paper does pount to the need for additional miormatun 


© Additional tory studies are Heeded to confirm or change the conclusions drawn from 
thes sengle set of expermments, 


© More mformation « needed on the physical and chemical behavior of spilled ov mm arctic 
marone waters. 


© Studies are needed to test the behavior of euphausids, and other key marme species, m 
the presence of ol 
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TRACKING WHALES BY SATELLITE 


Bruce R Mate 
Oregon State Un ersity 
Hatfseld Maree Scoence Center 
Newport, Oregon 97365 


Little & still known of the normal movements, behaviors and dive patterns of {ree-ranging 
whales because they are difficult to wentily as mmdiveduals and observe over long periods of 
teme The habets of endividual whales are smportant because collectively they describe what thevr 
population does. Satelite montored radio tags can tow track vertually any gumber of whales 
somultaneously anywhere om the world and send data which can mterpret the anomal’s health and 
habuts 


The feasibulity of satetine trackeng began om 1979 when Monerals Management Serv we 
(MMS) funded a whale tracking study wong conventional, wery high frequency (VIIF) radio tags 
A radio tagged gray whale moved at least 6,680 km from Meso to LU memak Pass, Alaska on 94 
Gays (Figure 1), at am average speed of 85 to 127 km day (3.5 to 5.3 bem fr) Only the nearshore 
migratory habits of the specees allowed the low-powered (short range) transmitter to be 
monitored from shore without mmvolveng expensive sheps and aurcraft in offshore studies, widely 
dispersed animals must be tracked mndividually because of the short reception range. The few 
“barnacle” attachment was so successful that comsuderation of longer duration studies and larger 
tags needed fcr sateline trackeng began. So, m 1980, VITF tags were again weed to determine 
dive durations and pattern data from 11,080 gray whale dives to estemate whether whales 
surfaced frequently enough durong the 1$-minwte duration of a satelite pass overhead to make 
sateline trackeng feasible The VHF study was typecal of conventional telemetry work, requermeg 
10 people to work three months to tag, track and log data from whales 


ARGOS « the only satelite system presently avanable which can provide locations for 
whales equipped with specislized transmitters. Prior to 198). these tranemuitters were too large 
and power comswmptive for whales, but, m cooperation eith Telomns, af experimental 
tramsmutier was developed which now provides sateline-monsored data from free-ranging whales 
and other marme mammals. Eatremely accurate locations (90% withen | km) are achewed by 
wong very stable whtra-high frequency (UNF) trancmut‘ers. Posstrons are calculated from Doppler 
sheft data (the change m frequency heard by the satelite recerver resulting from is weed as a 
passes the tramemutter, ARGOS receivers are carried on two polar-orbiteng NOAA weather 
satellites, which jountly pass over all portions of the earth from 7 (tropical) to 24 (polar) times 
Gaily. Transmitters send a two-watt signal which the satelite can receive wp to 2,500 km away 
Te comerve battery power, a saltwater switch was Geweloped to mitiate tranemissiom only when 
the transmetter swrfaces and during pre-programmed tomes when satellites are overhead 


The forest swcoessful tracking of a whale by satelite coowrred mm 198) when a humpback 
whale (WVegapiera novacangliac) off Newfoundland, Canada was tracked 700 km during tia days 
(Fapure 2). The whale’s location was calowlated 10 times and showed an average movement of 5 9 
km/hour (melar to the migrant gray whale speed) to an area offshore where the cold Guill 
Stream and the warm Labrador currents converged. Tha area, like an upwelling, was 
characterized by high productivity and was often used by humpback whales feeding on 
concentrations of spawning capelin. Tha was the first documentation of a nerarthore animal 
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Figere 2. Ten locations of « satellite- 
monitored humpback whale tagged off 
Newfoundland ie 1983. leotherms (light 
tines) show temperatures of the sea 
surface tn centigrade averaged over the 
ex day experiment. The dark tine 


Figure 1. Locations and dates of signal traces the whales movement of at least 
receptions from a radio tag attached te 700 km to & convergence area offshore 
on adult gray «hale (1008) dering the where other humpback whales were 
sorthward migration of 1979. observed feeding 


moveng directly offshore to another whale feeding area. How do whales know where to find food 
(memory, semseng favorable oceanography: factors, of leteneung to other whales vocalize) and 
navegate to « (dead rechonimg, magnets headings, of celestial cwes)” This proto. spe tranomitter 
had a short operational le as mowt of ts energy was weed to heep the oscillator corcunt warmed 
up, whether « was transmitting oF fot 


In Janwary 1984, a female gray whale (fwhractims rofustes), with a modified Telonics 
transmutter, collected depth mformation every 15 seconds and reported imformation about dive 
duration, temperature and depth profile with each transmission The experiment lasted for only a 
few days, probably as a result of breeding activity. The tagged whale spent 45 minutes of the 
forest hows after taggeng im vigorows mating behavior with two males. The tag did not appear to 
mmhibet the whale's behav sor 


Although not funded by MMS, the neat signe scant development im satellite tracking marme 
mammals was burt upon the progress of the MMS studies. A 1985 collaboration between the LU § 
Fuh and Wildlife Service and Oregon State University resulted m tracking a free-ranging 
manatee om Florida for 100 days. A semilar 1986 experiment tracked a female manatee with a calf 
for 300 days, after which the transmitter was replaced and tracking continued for an additional 
10 months The tagged manatee was a female with @ calf at the time of tagging The calf went 
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Mate Trackeong Whales by Saeellne 


through normal development anc ems eeaned Tha 
was the ferst study by any meam to demonstrate 
the daily movements and natural forageng range of 
a free-re-gmg marine mammal over such of 
extended period 


The first long term sateline monitored study 
of a free-ranging whale took place during 1987 
the North Atlantx An wsmmoetere pilot whale 
(Glotucephala marrorhychus), stranded on December 
1986, was rehabilitated by the New England 
Aquarvwm ond released on 29 June 198" carrying & 
Telomes tramemette: The whale was tracked by 
sateline for 95 days and cowered a distance of at 
jeast 7.588 kom betwoen 479 satelinte-determuned 
locatsoms (Figure 3) The average daily movement 
(80 km day) and 4 Maximum movement of 7M km 
m 24 howrs suggest how wide rangeng omoall 
cetaceans can be Lwery dive was cCownted (mean = 
2,020) and ts @uration measured. The average dive 
lasted 40 seconds. The number of dives im a i2- 
howr persed vareed from 6% to 1.433, reflectong 
changes m the anomal’s actewety patterns and 
metabol< rate Seumming speeds averaged 3.5 
| km he for the entore 95-day persed Average speeds 
ju* we excess of 16 km br were mammtamed tor periods 

~« " » “ « «°w ‘« »} bre 


Figure 3. The 95-day track of « sateliive- important correlasens of the anmemal's 
monitored pilot ehate ie the North movements and dive patterns were made with sea 
Atleastic. A distance ef 7,588 bm was surface temperature measurements, which warsed 
wavetled betwees 479 locations (Mate, from 14 to WC. The whale encountered tempera- 
wages. Cate). tures down to OC during deep dives, which 

occurred premarily before swarne and secomiarily just before swmeet Deep dives commended with 

the nocturnal rise om the water column of the deep scattermme |.:7 and of the pilot whale’s 
favorite prey, squid. Few deep dives were recorded durmg @a\! «i howrs. W dayteme feeding 
occurred, « was a completely different strategy. This was th- first direct documentation of the 
mmportance of might feeding to thes specees. The highest swemming speeds were also observed at 
neght and just before sunset, suggesting that this whale either traveled fast m puersen of prey 

or moved quickly to search for other prey patches. Surface resting activity lasted up to 15 

minutes and was most common during the first three howrs after sunrise. Surface resting 

ecewrred on a 4- to 7+day cycle These data represent the first long-term data on surface 
resteng patterns for a free-ranging cetacean 


The feasibulity of trackeng marine man. mals has now been proven and these examples show 
its wtelety ower relatively long pervods. A Febrwary 1987 Marine Mammal Commision workshop 
(spemsored by MMS) summarized whale radio telemetry studies and recommended sateline- 
monitored radio tags as the most prominmmg tool for the long-term study of pelagn «hale 
movements The most challengeng protiems well be attachment and deployment techniques Once 
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succesfully deployed, sateline tags will be 2 cout effective mean of gathering whale Gata Tags 


The successfel monmtormg of a by sateliae for ewen a few Cays can provide 
enseghts emto the apececs’ div eng behavsor, movements, dewrrs'! rhythms, and emergetucs While the 


E 


anew potratial impacts of offshore development for mstance. satelite monnored tags cowld be 
used on bowhead whales to gather onformation on 


© The foraging range (and site tenacity) of mdivndual whales Gureng thew Beaufort Sea 
On UP AM 5 


@ The mmportance of certaun areas for feedong, stageng and mm@ration 
@ What dwrnal and geographe differences om dive habuts reflect differences m behay sor 
e The speed of movements between feeding areas and Gureng mogration 


oe The relationmhp of whale dutribwtons to envwonmental factors swcoh as sea surface 
temperatures, bathymetry and we coverage 


© The smownt of time whaies spend at the surface, which affects how often they are 
sighted during serial surveys and affects the mierpretation of aerial survey Gata (Moore 
these proceedings, Richardsom. these proceedings) 


ht may alse be posswble to conduct erperoments with tagged whales along thew migration 
rowte to determine of whales avoud apeciix: sownds If tags remarned operational for longer 
periods of whales are tagged om other regiom, « will be pow te te wentily the complete fall 
mugration rowte through the Beaufort, Chukchi and Berung Seas and learn something about the 
winterong grownds of the bow head hotops studies (Schell, these proceedongs) suggest that these 
areas may be wmportant te extend the seasonal and geographic feeding range «f the bowhead 
whale in the future, sateline-monitored radio tags are likely to provide much of the 
oceanographic data which describes why certaun habetats are preferred by endanger sd » hales 
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per Gay comtinuows epill ower a five-day period The third was the same as the first one 
Seo beewelly thee tee -- of wmetentancows terge ap. end then & omell apill thet was « 
comtomeows leak over a persad of days 


; 


(Barnes ) The reason | asked the questrom @as that obs sowsly the comdeteom: aft beaot at 
oertann tomes of the year, can be faut) ogeifscent beteeen Barroe and Kater Also there 
hasn't heen any of and gas eaploration offshore mm Barrow. bet there has been m Katowsk The 
driiishyp « also a bottle bat different 


(febhmen) tf & bond of & pucserng game because you have to try ond eptimnate 
somehow what's really happenung om the water Column To wy knowledge, there “es heew very 
buthe data collected (of the dutributwn of tha eater solute fraction m the a'er cohemn) 
durong actual owl apulls So, that eowld he some emportant en/ormateom to plug onto “his bend of 
Mende long 


Question (Richardson) Have vow comuered the setuatsom of ehales foedeng om shallow eaters 
for example, slong the Beaufort Coast m tHoth Alaska end Canada ehere they food fauly 
frequently’ Thew food & oberowsly closer to the surface sence all the water & closer to the 
surface 


Response (f whan) Ves, ee did GComenter that, | must adm we were of @ very lemited program 
We treed to select @hat we commdered ow worst case The shallow water example wo something 
*“e thowght shout quite a bu, because there «& @ lot of evedemce that whales feed m very 
shallow water. i's not clear what euphawsuds are Goung m the shallow water W's not ewen clear 
what they are Goung m the deeper water A lot of the sflormation we have of fuphawoud 
ecology «© from the orth Atlantic and some of the fjords im Norway So, the binds of hinge we 
are seeung there are probably not very appiwable to the situations @ the Beau! ort 


Qeestion (Richardson) So, do we conclude that your conchumon that there are munema! effects o 
ras of allecteng the prey of whales would apply to the shallow waters of Jo we conctude the 
*e Gon! know whether & would apply to the shallow eaters” 


Response (Fuhman) My best guess & thet & would apply to the ehallow waters the come of 
woken that & «© faulty mediem te long term effect tn shallow waters. the @pe) worl 
probet’y be greater evthum @ short tome period But # you are looking of the overall & pac » 
the food resowrce, the movement of anemals emto an area. and the patchiuness of the anuman od 
the prey ahemels, & & goeng te Give you & more favorstie Coroumetence GF etunuen 7 yw oth 

that bond of wording tn regards to the Guration of the tmpact, looking af the |e orm eff: 

ot, wee. «~ the hallow water © gorng to be enpected te 6 greeter extent 
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Comeacet (Matic) TU take advantage of a few moments here to make 3 couple of remarks. One 
ss that sateline tracking can be catremely cou effectrve. Monsorung for our pilot whale study 
amounted to jess than $200/day amortized over the com of the origmal tag. the com of 
application, the Gata recovery, and analyses to dae. im the Arctsc, safety and costs are very by 
features. Cac of the nice features of the hind of 2 system (satelite trackeng) «© that you can 
moniter virtually any number of asnumals you bic 1 qught also add that those of you who are 
micrested im aceanographu dats of other things (1¢. movement of soe) do obtam that type of 
data just as casily. In fact, probably easect than for whales. I thent, however, even though you 
can do ths euthout onwte observers, there still goung to be 3a nced persodscally for biologets 
to go out. There « no subctetute for poung owt and lookeng and sereng what's happening. The 
moe theng showt tha « yow can sample that effort, make a councude woth good weather, and not 
spend your tome searc’.img for whales. Vou can go back to the same anemals tome and tome again, 
and get some tomes series behavior from mdrvedual ihe last themg os that we need to be 
realutsc about what hind of eapectatioms we mught book at for bowhea’ whales At the present 
tome, snformatsom on just two days of movements would be @ swh tantial mmcrease 1 our 
knowledge about what imdividuals do. I think persods though on the .vder of three months 
during the open water season (and | wee that term loosely) would be excepiwonally successful. W 
we could keep something attached for a permed of twee to three months, we would learn an aeful 
lot sbowt bowhead whales I thek the challenges that remam are m the attachment and 
deployment process. The protiems showld not be munumuized, they are stell swhotantsal, and TU say 
that on terms of what we sve downg wrth conventsonal techmigues. While they have been very 
successful, | thunk we are gerng te add some resolution by cComtemwrng those techniques, but 
we've got the bulk of wha they have to offer us 


Qeestion (Cowles) Certamly the mformation that cowld be obtauned from tagerng looks lhe at's 
going to be quite extensive. Another question m a lot of peoples’ minds « what o the 
sagmificance of the application of the tag te the anemal, om terms of behavioral effects on the 
animal of physsological effects, and some hind of mjury’ Can you address that m terms of how 
you see taggrng om the context of harassment of mjury of whales’ 


Respoase (Mate) Ves, that «s a good question and thank yow (return to slides) I made the pout 
that you don't go 4,700 mules for an 11 ft long anumal without pwtteng some fel m your tank | 
thenk that = wempertent to realize that with the pilot whale we basscally bolted the tag to the 
anemal’s dorsal fim with a saddle pack. (slide showing tag on fim). Sin Celrom rods made of 
surgical Quality plasts were put throwgh the anumal. The volume of what i holding the tag on 
to thes much smaller anemal «& spprosemately 15 tomes the volume of what we propose to pul on 
the large »hales. Now, the advantage, of course, is that @ «& a hands-on attachment technique, 
which makes i Quite a bit easver to Go. But, the effect of the equipment on the animal apnears 
to be minimal. The tag i about the size of 2.5 packages of cigarettes, a large coffee cup sort 
of -size. The duration of dives, the pattern of dives, the number of dives im a 12-hour period and 
the speed of movement were the same the last two weeks of the 95-day experiment as they 
were during the first two weeks. So, the health to the animal is clearly an isswe that has been 
addressed by this experiment for that species im that water and it has to be done for every 
anemal, and certamly relatiwe to bowhead whales, pilot whales are dirt common. They aren't 
threatened or endangered, and | recognize and respect that difference (slides presented showing 
bowheaa whale skin and the tag apptied to bowhead blubber at Katovik). The environmental 
conditions m the Arctc are quite a bit different, even your working circumstances. We've 
looked at some exotic ways of getting these tags owt to the animals, including a small radio- 
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comtrofied thelmopter. | stell themk tha method had marvelous poicotal bel a reguswed «4 really 
sthilied operator. ln summary, then, the bealth of 
mmo the whale are much smaller m scale ond suze than thengs that ccocer asterally, = terms 


best 
on less endangered or more scoesble snemals to Gemonstrate the technology. One 


commGerstsoms «6 to Go a on raght whales @ the north Atlanta, whach are very closely related 
to bow heads 


AERIAL SURVEYS OF ENDANGERED WHALES 


Sue E. Moore 

Seace, Inc 

2845-D Nemaz Boulevard 
San Ducgo, California 92106 


Actual surveys for endangered whales have been comducted ower the Bering, Chukchi and 
Alaskan Beawfort Seas wader the suspices of the Momerals Managesecnt Serwwe (MMS), US 
Department of the Interior sence 1979. The bowhead whale (Balarna mysticetus) has been the 
prencepal specees studied Hestorscally, bowheads had a nearly corcumpolar dutribution north of 
60°N, bet caploitation om the late 19th and carly 20th centuries seriously reduced the number of 
whales m cach of fiwe gcographically separate stocks. The largest popwlatson, the western Arctic 
stock, mugrates arownd western and northern Alaska cach year between wentermng areas mm the 
Bering Sea and summer feeding grownds m the Canadian Beaufort Sea. The sprimg migration 
generally occurs along open-water icad systems that annually develop relatrvely aearshore om the 
Chukchi Sea. bet offshore and well north of of explorateon actiwetees om the Alaskan Beaufort 
Sea. During the fall migration, however, bowheads commonly occur nearshore wathem of near oul 
lease areas om the Alaskan Beaufort Sea Therefore, although the MMS curtailed aeric! surveys of 
the spring migration m 1984, they have continued to monmor the fall migration m relation to 


ongoung oul caplorateon actrystees 


Bowheads are commonly seen om the eastern Alaskan Beaufort Sea from August through 
October. In August, and through the first half of September, bowhead swimming direction is 
usually not signeficantly clustered, but by the latter half of September and throughout October 
most whales are swemming im a westerly dwection (Figure |). Concern that none from oi and 
gas development activities nfluences the fall bowhead migration has been addressed im two ways 


© Throwgh direct observation of bowhead whale behavior when they are near such 
actis etees 


© An analyse of the dutribution of bowheads during September and October 


The behavioral response of bowheads to imdustrial nowe has generally been “mild” at 
distances of 10 km or more. The analysis of the bowhead migratory route, as described by 
median depth at random bowhead seghtings, resulted m a relatively Comsmtent migratory rowte 
bemg described along the 20 to 28 m wobath, with only one year (1983, 145 m) being 
significantly different from any other (Figure 2, Table |!) lee cower im the Beaufort Ses 
remamed heavy throughout the fall m 1983 and may have influenced the distribution of 
migrating bowheads, although there is no direct evidence of thu. The shift offshore to deeper 
water in 1983 was roughly 45 km, greater than that expected if caused by nome. 


Feeding bowheads have been seen each year during the migration. The percentage of 
feeding whales was higher in years of light of no ice cover than im years of heavy we (Table 
1) ice cover can limit primary and therefore secondary productivity by deflecting and diffusing 
light. Between 1979-84 $4, feeding bowhends were seen slong the migration 


1987 MMS - Arct Information Transfer Mecimg 


southwesterly headsng, se ummeng & a durectson 


* S evcus" er euvoust 
that would take them roughly ower Herald . ._ 
Shoal enrowte to thew wuntcreng grounds J — - , =~ 7 
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bowhead whales was conducted from Barter vests ' 
island wm 1986 to supplement Gata derived from age Af “ ~s// 
serial surveys. Over 7,100 calls were recorded re oe 
during 990 howrs of monitoring effort (Figure ee scastiamand 


ha.b). The peaks im number of calls and calling niin o-tmeces 
rate (no. calis/hr) generally correspond wath 
peaks om seghtemg rates. supporteng the sca 


thal scowsiag Montorng u a reasomable way | Serr emme | Ser" E eee 
of extendemg Gata gathering through darkoacss = > 
and bad weather when surveys cannot be a >O of aes 
conducted Tran ase 
GS 
The destrvbwtson, relatrwe abundance, and i y , 
behavior of gray whales (Lwhrichiows rohustus) SS, « —> - 


has also been studied Princepal areas surveyed = ia 


have been the summer feeding grownds m the . _ — : ee 
northern Bering Sea and the eastern Chuekchy s'et etn ee ee 


Sea 4 Gray whales have been seen m the 
northern Bermmg Sea from May through 


November, and in the northeastern Chukchi eres “eee 
Sea from July throwgh October Most whales = — 
seen are feedeng, as evidenced by large plumes Wes are aN 7 ro Sa \ 
of sediment that they bring to the surface x ? pre 
Cow calf pars have been dmproportionately wrt times mb =" 
seen along the coastal Chwhch: Sea, compared +e x, 
to the northern Bering Sea, most calves were Wh Ja oS Ye 
seen in July — ——— 
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Figure 2. Annwal median water depth contours éepicting the bowhead migration route acrows the 
entire Alaska Beaufort Sea, September - October 1979-1986. Outlined areas depict OCS off and 
gas lease areas within the Beaufort Sea Pleasing Ares of the Alaskan Beaufort Sea. 


Table |. Semmary of annesl bowhesd migration period, peak YPLL and date, sember 
(percentage) of feeding bowheads, S-day SPUE peak and SPLE peak period, average 
September-October ice cover, ond median depth at bowhead sightings ie the Alashean Beaulort 


Sea, 1979-1986. 
1979 | ware) ioe) ioe? 1oa3 ive ies i wae 
Migration Period MAug 4 Sep ? Sep * Sep 3 Sep 7 Sep 22 Sep 7 Sep 
Length (Daye) mM Oct 8Oct 0 Oct 7Oet 70 MOct WOct 17 Get 
(66 ) (38) (43) (48) (44) (44) (29) (41) 
WUE Peat 733 1% 1676 23 60 1 73 5 23 € 0) 
D ate 14 Oct Sep Mhep MSep M45ep 2 Sep 6Oct 28 Sey 
Feeding bo wheads be 28 ) biti) @0(86) 208(22) 14/8) 148 99) 35/28) ou 26) 
5 day SPUR Peat 2 69 061 €7e 268 13 1 68 e997 1 25 
Perna 30 11-05 6 38 21.2% 16 26 6 1 11-05 6 30 
Sep Sept bene Sept Serr Oct Oct Beg 
Average Sep/Oct lee Cower <i -»60% «10% o% bh «< 0% 40% <t% 


Median Depth 79 8 =m =m 7 146 @ =m 7 = 78 m@ 
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Clarke. 1986 Asscsomert of bowhead 
whale (Balance mistacetus) feoedeng 
patterns om the Alaskan OEeaufort and 
Northeastern Chukch: Seas wa serul 
surveys, Fall 1979-84 Rep tot Whal 
Comma. 265-272 


Moore, 8 C.D AK. Lownetesd,. ond DR Van 


Schowk «41986 Annual patierm of gray 
whale (2 schractias refwetws) Gestrebytion, 
abundance and tehaveor om the northern 
Beremg and Lastern Chuhcts Seas, July 
1960-83 Rep tat Wheal Comenn Spec tos 
8231-242 


Moore, S&S E. J. YT. Clarke. and D A 


Lypengtisad. 1986 A comparnon of gray 
whale (FE acter nc tems remPrugstus) and 
bowhead whale (Relarma my sticetus) 
dutridbutson, abundance, habutat preference 
and behavsor om the Northeastern Chub ch: 
Sea, 1982-84 Rep tot Whal Comma 
Me L74-279 
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Figure 3b. Histogram depleting sember of bowhends calle ond call rate (calle/br) at the Barter 


acoustic station 


QUESTIONS AND DISCUSSION: Endangered Spores Seimon 


Qeestics (Brower) Were whales only affected by sone wt os Gutence of 7-8 bm, oF were there 
other enstances where they were affected at Gutencoe of 15 bm, 19 bm, or 2 bm” 


Respeese (Moore) That was basally the reset of Don Lyungtiad’s wort, four cxpersments were 
mmvolved, and rtatutacally, the statetacel Change @ behaveor and Diow rate, surface tome and wo 
on, was at the 75 to 6 bem range That's how | enderutand « 


Qeestios (Brower) So the Diasts were emierisonal at thow detences” 
Respoese (Moore) Ves. they were Drengeng the active boats =m 


Qeestios (Brower) Do you have any Gacument m relation to what you sand shout the fall 
magratson goung Out to the Wrangell Inland” 


Respoase (Moore) Out to Wrangell Inland’ No, we havent seen 2 Giagram of that 


Qeestion (Brower) That icads me to my neat question, ehy Go you wy that whales go out to 
Wrangell Island Gurung the fall migration” 


Response (Moore) I don't say & as much as youl fund a m other Gocwments | belewe Howard 
Brahm om 1984 mentioned whales goung over to Wrangell Ioland and then Gown the coat I thunk 
that «= a 1984 NOAA pwbiwation In fact, what | eas tryemg to soy & we have Hot seen thot 
etwation We have seem anemals that are comeng srownd and heading m 8 southwesterly 
direction, but we have a omall database 


Qeestion (Brower) | haven't read what Lywngbiad has dome (a there any notation a to what 
happens to the whale at § km)” Do they go back to the normal migration after they pars i, do 
they po and stay back there wate the Diasteng «© all over, of Go they reswme thew forme! 
Migraison” 


Response (Moore) Well, let me clarify the way the expermments were done The objectives were 
to look at anumals preor to the approach of an active geophysical vessel, then to remam with 
that growp as long as possible Within the 30 to 60 min tomeframe after the eapermment, the 
whales returned to the behavior that they were evidencong preor to the expermment. But, becouse 
we cowldnt track the anemals, we cowldn't tell exactly what the animals did after that 
Basically, owr time was up mm terms of fuel and logistical consideration. 


Question (Montague) You imdicated that your data have shown primarily a sowth, southwest 
migration west of Barrow. I think maybe you showld poimt owt that there's really only one year 
where there was a lot of evidence of that cocwrring, and that despite intensive effort m the 
past few years, hardly any bowheads were seen at all west of Barrow Can you comment on 
that” 

Response (Moore) We didn't see very many whales in 1986 oF in 1987. However, im 1982 and 
1983 as well we saw whales that were headed im a southwesterly direction So, between 198) and 
1987 that's what the data show, but most of the sightings were made im 1982 and 198). 


Question (Mate) The search areas that you typically run go owt to 72° N. Don't whales, and in 
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some years the ace, go Gut beyond that’ Mave there bees any specu! eTorts made when the wr 
was for out to go out and take 2 look along we cdge orcas and, d so, what do you find’ 


Respoese (Moore) We traced to Go that ths wear because as Jerome Montague pomtrd oul, ee 
haven soem wery many bow heads, partecwlarly om the Barrow area Tha year and low year, the 
ae was cul beyond 72° N. so we eatonded our lunes and fiew on out to 73" N. We Gd encownter 
ae there We see only one whale @ those scarches of the we We Grapped some sonobwoys and 
treed to Ingen for whales out there Be Gein hear anytheng but we Ged fond the we and som 
hears 


Qeertion (E merscm)} Reg ar Sung Lose Gc ee Gepth Gist eowtecm Sag tut omgs and the Precaeen ca 
Mann-Whutaey tests, are you factorung mm the ecather e undoes thal are sometemes quite varibilc 
for your obsers atsoms ” 


Reupoese (Moore) to terms of tumef ram: 


Respoese (Moore) No, Pm suet looheng at September and October [ve also run an ANOVA teot 
om the same Gata because Dowg Chapman euth the Unrveraty of Savhungton waunt plead a 
ali ewth the Mann-Whitney procedure The reselt eas the same, A} beung Gefferem But, | wa 
pust Comparung random bowhead saghtongs Gurung the September and October tumeframe | © a: 
not lowkung at weather of amy thung hie that 


Qerstios (i merson) Bul even Gurung that short persed, you wowld wtull have quite 2 varsence 
heteeen pears as to where you cowld see the whales offshore The weather eundow that you can 
actually spot them -- does that vary from year to year” 


Respoase (Moore) The weather certamly varees from year to year, but Gurong September and 
October, survey periods have beem commtent | haven’) loohed aft the varsance of effort from 
year to year, Dut ee have surveyed Gurung that entore tome persed wm both years Effort will be 
down om any year due to weather Pm not swre 'm catcheng your question of the unpact 


Question (Emerson) in other words, m some years you're fot goung to be able to get to the 
same place even mm your random samplong observations pust because of the weather That would 
have to affect the precnsvon of where these mean dotribwtroms are 


Respoase (Moore) From 1982 to 1986, we surveyed throwgh ali Blocks 1-12 Guringe that time 
period. From 1979 to 1981. we did do closer-to-shore type of surveys 


Question (Mate) We did some work at Oregon State wong some soowstics a5 an active way of 
scareung seals away from fh hatcheries and fishing gear problems In the past, people have tried 
wuseng Biologically segnefscamt sownds lhe biller whales We went for a totally different approach 
of tryeng not only to frighten them, but maybe even hert them if they came im real close So, « 
was withen the anemal’s control to come or go. But, we were tryeng to discourage them from 
comung mio certam areas. We weren't succesful im cawseng pam We are convinced of that 
because we did have anumals that eventually habituated to those nowes. They came in It was a 
small part of the popwlation | suppose # cowld be argued they were deaf, too, but the thread 
here «= that we saw a trend toward habitwating to sownds that were even novel, very, very loud. 
and eurythmic. We tried to mix 4 up to keep the animal off guard 


Qurstuiom ond Dacumson Ladangered Species Sessa 


Are you suare of any soem vessel movement caperements where wou @ range of whales 
comtenued to run, to ace what happens to 3 whole. and d@ hebwtusteon «6 pomtic”’ Or ewe there 
bern any saghtengs of whales clouey than you suger’ te busts that were ache Chat magit 
suppeest pereads whem ehales are @ control Gureng peered: of nome” I thet the Dapper Shift 
hos sounethung to Go euth ad Se gotered thal sownds had sownd We they are movung oer far 
more effectee than df thry are wigteonary sowrors 


Ri .pomse i(Maore?s There « some ceedemoe of habutuateon by tow heads. 1 belerwr. bat Fm got the 
bew person to apeok of that Mayte Joke Racthardsom Teo amect pour qucsteom, Bruce, there 
Sad§ HO ta of habuluateo® te fone eath Qowehrads a5 om most shomah bat John wowld te hetier | 
amseer the Gerect Questa om the seaman vesuch 


Rewpeese (Richardson; “So one has spformatem from wm@rnedual Doeheads that had bees 
approached repeatedly of cap.med over a prolonged perecd of tume to seme sounds Olde sows) 
a radeo taggeng approach would be the mowt obisows a) to get at thet What « sveilatic « 
uformatseon of two of three types Bowehrad: have been observes wa Canadian summer foedung 
erent where 8 seems ves! was present. Whales remaumned wm the ares for 8 faulty lone perecd 
of tume Grows of bowhead: have been ofverved temaumiung om an area ehere a seroma vemel | 
word ung back and forth day after Gay eath ehaies Be Gowt teow @& a's the same shire edual 
wholes, bet there are feeding whales there over 8 peread of Gays and even 3 cmmgie of wort 

Another related bond of obvervation « that ee Go wee whales Comune back. Be do we whales 
areas where there has been 3 lot of sevema eupforateom om the preveows wear Be see whale 
back there the followeung year at the same tome Aga. we dont tnow @f a wae the same 
mdvesdual whales that have come back to on area when that area eas heaeily emsoomdsced from 
sent operations the prevsows pear The level of eoudence «= pretty weak for lone term 
eye» Tb tts 


Qeestion (Brower); On the aerial photogrammetry have you M®otioed amy Gul ferenmtiateom to suze 
elements of ehaies om the ehite martengs of the Chet of by the tail” 


Rewpoere (Mowre) We haven't dume photugrammetry. sisong of sdentifacateon of ondrveduals LG 
ecvlogecal research associates has Gome that type of wort 


Qeestion (Carroll; What was the sample size and how many whale sophtemgs per year did yow we 
to produce the ehale tracks durong your offshore Getribwtion study” 


Response (Moore) The median depth tracks’ 


Ovestion (Carrotlh Ves 
Respoase (Moore) That eas dependent upon how many bowheads we saw om random transects 
Gurong the year. | wowld have to go look aft my table agaim to tell you that, but agam, ee just 


used the September -OCxctober temeframe The 1983 Gata year « represented by an endrs sdual track 
and that track « represented by howewer many anemals we sae on random trameects that year 


Question (Carroll) Will there be a final report’ 
Respease (Moore) | showld have mentioned that the annwal report for this study is im the back 
of the room and all that mnformation « summarized there | brought some of owr International 
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t was hap te see Ghat the ceed agends romowed @) paper from the endatgered genes 
ommeon § Go Got Ghenk Ghat the tnapeet are endengere’d Det, loohong srownd the room, I feo 
Chat setivrageduget: hag te 


be tate 1900. omy collicaper Check’ Sepp the and If fumaed 2 year-long study entatieds “Barrwe 

& Thewade @ Maderewaten” Reficctemg of thot totic, f ecole | hewe bees @ Barroe thet 

entuwe Gecade 1 arreved o@ 19°5. peot before the of boom, ond conte’ my weds throughout 

the Doom peread To amy ment 1965 8 marted the hegenneng of the ‘pout boom" - the Gownturs 

om the «cmon, Mere § cant to poet 2 trod vere ere of the wx voroonome and wx emnwltural 
changes that have aoowrred of the Sorth She throughout the Gevate 


The moet eoedeet changers @ Barroe are phowel ones - the maders howers, the eonds and 
bwees, the large facvieters Vet theae anily hort ot the effect on the sacual and cultural syutem 
As of example, | ell goer cChanpes reeelung from one madera favlety. the eater Gelrwery 
opntewn Pre to the 19°0k, people got eater from we of from ponds Many continue to supply 
thew ooo Grepiome eater beceww thee Gow’ the the Chloreneted wareety Vet. @ the mned- 7 
peagle were happy to ace the eater Gelmery cyutem eneteteted | om happs. | Od aot eh to 
relee ay ypoeth - Pack enter, heeteng 4. and packeng more Bel the one system Brought a 
hoet of wnemented changes to the saceal and cultural system Furst, a8 mcome e888 NeCENEry to 
hes eater - & eae fet Geleored for free These. pow Geode? @ poh Also. Cee men + wouailly 
fathers and som thawed the eater Thies acteoaty ertavied sacl emeractson betecen father and 
som and hetecen off and young UPwreng these cutongs comederatie onformatemn ahuwt the 
eeveronment eas transferred from one gemeratrcon to the meat Mureover, a mvabved goad 
pryeecal acteewty After the mtroducteom of the eater widlety the actevtty Gaappeared shong e wth 
the cultural thengs assccvated evth @ While pots eore needed “lewowre tome” (unrelated to 
Se Peete Both tees) @as sho Created 


Mader howseng aso had ots wnemended comeguencce Men) nee houses @ere Belt the 
orth Shape Borough (SSB) became the largest Barroe landiord comoructeng ower MIO houses 
Molt: family howres forst appeared Eben Mobsor s Gream to madernize Barroe on tuded putting 
he people m modern hows Bet, om fact. the see howses ont premarily to non-tnepit The 
NSB proveded houses for thee employees and the peaple eho quali wd for such howseng tended 
to tbe son-trepiet The tnupiet people Gif get new bowsing, bel most often they got the low 
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jeep them earm, the coud 2 pollute protiem. Cars and buses alee trougit Gust Gat made 
the an-Gryumg fab ond cet Giliawh Peugie oftre had w comp owt od wee w Gy Gee 
thar vests 


The boom gerend gremardly from 19°S co PVRS - teoughe encrcesed enghey ment ws eel 
epportundes te Grech prewate Qasenem The SNS become the large employer th 1964, they 
accounted for 79% of all Garewe gots. cuter Gwectly) o through contracted serovars, ancledag 
dee Captal lageowoment Proerem COW) The CWP alone scoounted for WS of all Barrow 
emp ment Durong the perend. the lnaput people were employed by the F cough mit by the 
ol compeners tn pert, the eas by Gouge Meyor Moteon wanted pots for ba people and 
omplemened = local bur Clause Ghat awed bacco! pote would go to the Inageet Eien Moteos 
shee bept the weet oul Geough af agreement wath them - all te guarester pots for be people 


During the pevend tnaguat eumen eoteved the eort furce om wgndacent gembers Aga 
the new NWS funded eoomom, prowsdcd the nee aggpertunds Durung the boom. eoman tended to 
hold lower Payeng admumetratewe Peewteom BM « sagen accent that after the tua these became 
the permaneet pots and laupeat eomen rather than the men tended to remam employed 


ft aghoy ment og_pertunders Enoowraged the om migrates of fom nateves be 1870. the bmapreat 
pepulaies comtateted 91% of Garroe’s enue pe—peleteon by) 1905. a had Grapped we GO% Foor 
the apes teteeen ©) and WH) fem nateres cutmembered nateres Gue to the large number oF 
nom-natee males who come te Barrow for work By 1965. non nate «@ held 99% of the pote while 
mateoes held 47% Al the begennerg of the “post haom,.” Barroe had W% enemplop ment, 80% of « 
ens bnupiat moth) makes 


& prevate sector emerged om Barroe euth the boom Dering the peread 20 busenesses 
seelied to arownd OU Or qgumally 0 thungtt thes sage! ed tmapreat mow ung onto the pres ate sector 
bet, «© fact, seach eas not the cave The Inepiat comtrelied corporstiom evtabinhed wader the 
Alaska Natree Claes Settlement Act (AWCSA) - the Arote Shape Regeenal Corporation (ASR | 
Lbpeages trapeat (orporateon (0) and thew seboediaras However 80% of prieate sector 
commpames were ooned hy fom bmupiat peuple 


The sumer of non-native ferns moreaned Prev to the boom, the omell member of such 
fomues eas wouall) meaceted eth the ahoed and hoaptal and revncded m segregated 
compounds Beth the moreased avaslatelety of Roemes and pols mom mative families reveded 
throwughowt Barroe Thew ethan compos changed as cell Pret to the boom nom nat ey 
were promarily whe The boom brought evhme Greersd maton @ relatrrety large F dqpene 
community emerged (5% of Barrow s total) and other evhmew groups om ledeng Koreans Mepanns 


Wort Sanaadurad! ond Sucsmeconmmn Changes Barros 


extabiahe 1 natewe alliances wath other reg aomal Corpursteom the) who enoowraged other regsoma! 
natewe COTpPOoreteans to apwest on the North Silage 


Bomen played 2 ugndecamt role @ otauteone Grvelopment snd. by movemg amo thea 
smettuteom, they eedefumed the “women’s role” Also. Ghaure om: meteor conflat  mdscoted 
by the range of icgel seats G@Oowrring among ASRC, UNC, APN, the Barrow Cary Council, and the 
NSS. The o@s 3 peed ehach Ghee Inept people were rye Ww reales themes @ Ge 
smatdtuteons that the) had beem snstrumental oo Grockmung 


We ace Ghat the large scale physecel changes @ Barrow hued ot socell changes - qunny 
that eere umemtended Vet m complies pationn. those sacual Changes sho underlined Cultura! 
peremtence The most empertem fact. perhaps. Ghat our 1906 study coaffaemed ems the 
pereemence Of the cutemded famidy Leen though people eere moving emo sucicar farm 
Gerilungs, those extended famulees Contupurd to cret a 8 core of emerlackeng howseholds These 
umicrhatung howeholds were toed by COOMA Bot dees, promod) swtsetemoe ones A range of 


legal adoptions became popular While thes chill reflected the comtenesty of sace! form, a aheo 
undated a Gaumicgratwom of scame extended famulses and a generally uncreaswng Gependence on 
formal emstetutecms 


te fact. metduteoms began to awume many functors previously held By famuies For 


| eon to emphaswe ago the mic of Change and persntence - sithongh changers m vhoreng 
pantierns accerred shareng Comtsmoed and a comtenued to tee extended (amuses tagether 


The groeth of formal sststuwteoms enocowraged the emergen.e of lnupuat female headed 
howsehoids be 1505, ee found thet one third of all the native howeholds were headed by women 


The doom permd brongs raped change >o perhaps because sech permds must ones stably end 
& bust, the Inepiet peepie continue to rely of & core of Waediteonael actiwttes 
perwed, subsistence remaime oy portant, the bowhead ehale and 


QUESTIONS AND DISCUSSION: Socsescomomac Semsce 


Qeestios (Kenmnry) Was 3 change om the population rates of natives and non-natives Gue more 
to mative families moveng to other Communities of just 2m encrease om HON-NBlrves’ 


Respoewe (Worl) Defonaely, many non-natwwe people migrated to Barrow However, loupuat 
farmulees also owt-migrated, premaredly Atgaswsh and Nusgsut f amalics 


Qeestion (Newbury) A’ one tome, the rate of change ccowrrimg «as fawly duruptuve m thot a 
brought elevated rates of alooholam and vwlence Have those rates Gecreased’ bs there evedence 
that the rate of change o not as Guruptive a5 of once was” 


Respoase (Worl) Surpruengly, while there was raped change on the North Slope, we must not 
make the asswmption that raped change equsies eath Guruption. We can take tuecede 25 one 
mdiscator of socual duruption. W yow contrat the North Slope euth the Northwest Regson (we 
now call a the Nana Regson), we fend that swnwe on the Northwestern Region was much higher 
The socval Gdarwptsom was greater there even though change eas not more raped | thenk the 
reulency and adaptabulety of the North Slope Inupuat was remarbabdle 


Qeestios (Armstrong! From your long expersence m Barrow, where do you thak the town a 
heaced” 


Respoase (Worl) | thomk that a non-Inupuat population will remam, but at reduced numbers. At 
thi pornt, thes growp mcludes people who have the private Dbusemesses and the access to 
employmemt, and they also own howses. | feel conmfsdent that the Inupuat will comtinue. They 
have had boom permds t.fore ang they have always successfully returned to thew traditional 
lwelvhoods Gurung the bust cycles that follow 1 do belheve that, walvke m previous boom- bust 
cycles, Many emstetwtronal changes well remam m place 


Question (Armstrong) With the mecrease m marriages between the Inwpiat and whites, what » 
happening om those relatsonshups’ Are those famules taheng on more Inwpiat types of traditions” 
Some that | hawe wutnessed have sent thew kids off to college, they are not real traditional | 
am wondering what thi m goung to do to the flavor of the community over time’ 


Response (Worl), Mixed marriages were beginning to increase and the reswits were mixed as well 
Mary non-Inupiat people married omto the community and were assemulated toward Imupuat 
socrety. At the same tome, the reverse also occurred: Inupiat married to non-Inupiat became less 
mvolved om thew culture 


Question (Naidu) The bottom line of any socioeconomic of sociocultural change is Are the 
people happuer now” 


Response (Worl) Oh, | don't know, I didn't measure that 
Question (Naidu) | would also like to know if the crume rate has gone wp or down” 


Response (Worl) Although | have not collected these statistics, | would have to say that it has 
mereased 


Question (Naidu) What do you think would be the role of the community college in a community 
ke Barrow”? 
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Respoase (Worl) That's a very mmteresting question, because at One poent, there was an lnwpeat 
college. 1 think a Gepends on the college auell - how a adapts sself to the commundy A 
Harvard University im Barrow probably wont work. However, d you look at some rural college 
the one im Bethel. for example, they can be wery swooessful for some reason the rural college 


was not successful om Barroe 


BIOLOGICAL SCIENCES SESSION 
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ARCTIC MAXINE ECOSYSTEMS OF THE CHUACHI AND BEALFORT SEAS 


Donald M. Schell 

Instetute of Marene Scucnoe 
Uerversty of Alaska 
Fawtbenks, Alaska 99755 


The arctsc marene eoosystemms along the Alaskan coast are characterized by the ecatreme 
mflwence of advected promary production, ehach o transported northward through the Berong 
Strand, and the emportance of localized upwellong om the eastern Beaufort Sea Over the pant few 
years, the results of the Menerals Management Service (MMS)-spomored bowhead whale feeding 
projects and the National Scsence Foundation (NSF )-funded loner Shelf Transfer and Recyclung 
program (ISHTAR) have provided comuderable memught mito the factors controling the 
productivity and ecosystem processes mvolved om thes region A comprehemiive summary 
beyond the scope of this symoapers, but several heghlophts can be described 


Beaufort Sea 


The Arctic Ocean « the most olgotrophx of the world ooeam, aod the ventral baw a 
characterized by very low annual premary production The seasons! meltong of toe, coupled with 
the mmpwts of freshwater from Sovset rivers, serves to create and mamta an exceedingly stable 
surface layer of water that very effectively prevents gutrient supply from deep water ht has 
been estemated that the annwal carbon fination of toe Island 1), then near 86° north latvtude m 
the central Arctee Ocean, was about | ¢ C m’ of only about 2% of the current evtemated 
production m the central gyres of the Atlante and Pacufsc Oceans, which have been described 
as “biologecal deserts." More recent estemates by Canadian researchers have mocreased the annual 
protwuctivity estemates for the central Arctsc Basen almost tenfold, but « retanms its distenction 
as the least productive of the world oceans 


In contrast, the coastal Alaskan Beaufort Sea m= much more productive m response to 
several environmental conditions that serve to stemulate and support premary producers. Thinner 
ce and higher voncentrat.cns of nutrients allow development of a layer of we algae on the 
underside of the we each spring. Although the algal layer does not represent a large fraction of 
the total annwal primary productivity, ts temeng and Gensity serve to provide a supply of food 
to juvenile crustaceans at a tome of the year when water column productivity is very low 
Phytoplankton populations are supplied with advected nutrients and the earlier melting of we 
allows wmecreased light penetration and better wind mining of nutrient-rich Geep water imte the 
euphotic zone. The western Beaufort Sea receives Bering Sea water carried northward by coastal 
currents and with « large populations of plankton. This advection of nwtrients, plants, and 
zooplankton results m a marked merease in predator animals in the vicwnity of Pout Barrow 
Large numbers of Ross’ gulls (Rhodewcethia rosea), kittiwakes (Rissa tridactyla), and shorebirds 
take advantage of fall concentrations of zooplankton mm this area. Marine mammals, particularly 
ringed seals (Puse hispida) and bowhead whales (Balarna mysiicetus), are also often seen feeding 
m thes area. 


The Bering Sea water spreads eastward from Pot Barrow along the coast and its effects 
are soon diluted owt. The central Alaskan Beaufort Sea is thus the more Gepauperate of biota, 
since further eastward the prevailing winds drive localized upwelling and support a second rich 
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arca of tuologecal production ocar the Canadian berder. Here, Guremg the short open water 
season, Coastal upeeciiong causes sncreased phytoplaniton growth, ehuch om turn supports high 
éemntucs of copepods The area « used actively by foedeng swwhadult bowhead whales, and thew 
repeated presence m the com~utal wears may mdscate that the regrom of mmportant fecoog 
hebust. Although mou of the whales feed further cam than the Alaskan border, the extenwon 
of thu tughly productive regsom mio Alavian waters may serve to supply westward migrateng 
whales a supplemental food resowrce Gurung fall mugratson The zooplankton productivaty «6 also 
mportamt as food for arctan cod (Borcegadus senda), ehach @ turn are very emportant prey for 
belwkhs whales (Del phenarecreus lewces) and ronged seals (Puse tisguda) 


The velatiwe abundances of sooplanktom tana reflect the ddferemg sources of premary 
production and the bydradynameacs of the system The eastern Alashan Beaufort Sea os 
characterized by bigh Genutess of omall geri copepods @ the coastal waters and by an 
abundance of large arctan pelagn calanesd ceopepeds offvhore further west, the relative 
abundances of tana changes sharply. and acar Pount Barroe euphawsends domenate the bvomas of 
hard-bedeed plankton Copepeds are far iess abwndant Predaters wwoh a chaetognaths and 
peliyfah are abundant throughout the coastal eaters 


Dureng carly fall, large ageregatiom of cuphawseds occur sear Pout Barrow and these are 
comsuemed by surface-feedeng turds as well ax by Mareme mammals and fuhes Inmegrations of 
Ross gulls and other teurds take advantage of the seasonal food resowrce Lach of switabie 
nesteng hhabvtat may accownt fer the pawcuty of Gdeveme burds along the Beawlort coast Leos 
(Gove spp.) and oldsquaes (Clangula tyemalis), ehach gest on the tundra and feed and stage m 
nearshore waters, are commen, but murres if ree opp.) and other alceds are relatrwely rare. Only 
near Pount Barree, where artel cal nevtemg habetats have been emtreduced, have guillemorts 
(Cephhus spp.) become common 


The searsheore zone of the Beaufort Sea «= vet another bvome that responds much more 
dramatically to seasonal extremes. in swmmer, the enpwts of relatrwely warm freshwater and the 
shallow waters allow warming to greater than 10°C. The higher temperatures and low salmmuty 
along the coastione makes the area excellent habvtat for the popwlatroms of anadromows fimhes 
which wee the streams and rivers of the North Slope as overwuntereng habutat Least cco 
(Coregomus sardimelia), arcte omooe (C. eriedu), broad whitefah (CC. saves), omelt (Owneridax 
app.). arctsc chat (Sa/eelimms: af pens), and humpheck whitef wh (Coregonus pidwhien) all feed on 
the abwadant myseds and amphupeds that compre most of the eprbenthe mnvertebrate fauna of 
the estwarme region 


Winter freezeng of the nearly 2 m thek we cower effectively remowes the availability 
the nearshore habutat to fawna Under-ice salometees rise to hypersaline Concentrations of over 60 
parts per thowsand (ppt) m many lagoons and bays and sediment vwerred up by fall storms 
freezes into the we column Sediment-laden we & optically opaque and the lack of light 
penetration removes the habvtat from both we algal and phytoplonktom production wats melt 
ocowrs m the following summer Only species that can tolerate extremes im salimity and 
temperature are Common om the habvtat 


A strekeng exception to the marme food webs that are supported by phytoplankton u the 
localized kelp bed found im Stefansson Sound north of Prudhoe Bay The kelp bed with its 


Chebchi Ses 


The teat knowew of the eaiers sround Alaska « the Chuekch: Sea The lack of commercially 
mmportamt fuhes, presence of we cower fc: much of the year, and the polmscel restramts that 
prevent sampling im the Sovet sector, all have long Gucowraged mvestigative research Tha 
thalliow sca ao cheracteruzed by seasonal we om the sowthera part and perenne! pack we of 
varyeng eatent im the region bowndimg the Arctx Oocan Typacelly. offvhore winds open large 
polymyas slong the Alaskan coast each apromg and these offer & migratory passageway for 
bow heads and belubha ehales moving northeard to summersng grownds om the Beaufort As the 
me retreats northward, the Pacdx walrus (Odetemms reomeres) berds follow and feed on the 
abundant benthos Gray whales (f wtracticm rehwuws) arrrve from southern eentereung areas and 
comume much of thee annual food supply om the beds of ampebicsd amphipods 


The eatremely tagh Geneters of anumal ife om the sowthern Chukchi Sea are supported by a 
northward flow of phytoplankton that rivals m productewety any other mareme site on earth 
Nutriemt-rxh Anmadyt Current water flows northward across the Bering Sea shelf and once 
confined to the euphotic zone by the shallow bettiom near the Bering Strat, undergo: 
prodigsous phytoplaniton blooms The productivity 6 accompansed by zooplanitom which grow . 
tuomnass as the water moves northward Large numbers of euphawsids and pelagn copepods are 
carreed along and are preyed upon by the returning stocks of bow head whales om the fall Much 
of the excess promary production wnks to the bottom and supports the benthe community on 
which the gray whales, seals, and walrus feed Polar bears (t/reas maritimes), a top of the food 
charms, are more common m the Chukchi than m the less productrwe Beaufort Sea 


In contrast to waters farther sowth, however, much of the Chukchi Sea provides poor 
habutat for salmomeds and other commercially emportant fahes Other species of crcoes and 
ehutefahes common along the Beaufort coast are much less abwndant om the coastal lagoons of 
the Chwhehi. Arctse cod and marine forage fishes such @ vapelen (Mallow: willows) and emels 
are sufficrently abundant, however, to support large numbers of belukhas when spawning 
aggregation: occur mm swmmer The lower mean water temperatures and lack of large rivers for 
overwintering habutat for anadromous fishes result m a shift of comswmer abundance from fishes 
to maremne mammals and diving birds 
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Fuh fauna of the Alaskan Beaufort and Chuich: Seas are one of the 
founsl amembins w the world levestgateoms @ the ares have centered of 
developments, wah the majorsty of wnformatson collected m commectson wath 
development om the Prudhoe Bay area and the gus 


The dacumon ell focus on these apecess ehach are of premary emportance mm euther 
commercsal of twehontence faherses of have some special appeal to the residents of the area | 
have choses to concentrate om the arcte cuce (Ceorrgoms eriedu), teat cnce «C serdimelia) 
Bering crco (C lawetiar), bempbeck wehariah (C. pidwtuen), broad ehtefah (C. aan), pend 
salmon (Oncorhynchus gorfweche), chum salmon (0 icte), arctx char (Seleedemes ef pons). 
raimbow smelt (Ovwras mordex), arcte grayleng (Thymalles erectus) and Pace herromg (C lures 
peliasw) tm the presemtatsomn, | ell swmmearize the polar datribution of these specees to 


Gntridbutson along the morthera Alaska coast that « of promary emportance when comudering 
potential oul and gas development ht « emportant to note that a mumber of the apecees are 
seasonally and geographecally wemportant for dufferemt reasoms, for example, the arctn char 
taken om some areas of the Beaufort and Chukchi coast a @ swbeatence fieh at af) tomes of the 
year, while m other portiom, « «& wed mamly for a sport fahery Guring the short summer 
season 


Fuhes of the Arctse Ooean are weed mm sumerows subomtence fuherses. Those fitheries 
harvest abowt 2/0,000 ite of fh annually which, ascoordimg to Peter Craig's report, 
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most shundan mare mammals fawnd of seme!» 
heer soak are 8 ehportant oeboenemce qpeces fun 
coastal readens of northere Alastha and are 8 map eoologecdl componeen of the arita and 
oubercte marwe fauna Renged aeak normally qpend cone and apreng oF and under Crtemorve 

groveies @ copeoneet platiorm of ehab waren 
meted Areas must swstatihe for enductraall aites ay 


te Jone 19°90. Geree aed Marte conducted te faw “? sere! surveys of conged seak 
- fom we orem of the Chobe and Reawflort Sem Cxghowr ator’ Ree ees HOWE 
ongeowng @ the study) area they stiemetied to Gewermene ohether the sereeys ahd Grarct ay 
efile of seem mete ders of seal Getrihatwn Based of thew Geta the suthors com luded that 
2a OPS Tratems sh as cere hewng commie. ted had nat appre sty Gaplaced tenged walk 


Eatenarme aerial sereres ore aga wonducted @ Jeune of 19°75. 19°96 and 19°". prencwpellly 
to sPrevtsgate annual fle teateoms om renged seal abendance sheng the Beael ort Sea coast Yer df & 
tests of the effects of om we human actress eore not mcbuded @ the sereey Geaga However 
once there eas comederatie of we seme Botredty om the Sled) Grea Permelteng agem ss 
requested that these data be used to compere seal Genastees om areas @cth and enthowt extenorve 
wim sereey actredty Date for the three pears comiuned suggested @ 30% (range 22 to 8F%) 
lower Genesty of seal “veto areas” then @ adjacent “comtrokh” Begumeeng @ 1979. & cutell 
dave of 20 March e@s empesed of seme aperatijns om enter deeper than three fathoms on 
order to avond Geturbeance of renged seals Gureng the premary pupgeng permed However the 
cutot! restrected the @urateom of the mndustry's operations and elumenated the aptemem eurt ong 
permed os terms of daylight. eeather, and we conditions Therefore, mm 1981, further sede wore 
undertakes to clardy end quant) the possihie smpacts of om we semomn eaploraton of renged 
seals brtemsrve aerial serve ys eere one component of that program 


tn 198) and 1982. aerial surveys were conducted @ the Beauiort Gee with emphases of 
of smtense semmn actreety Compernons were made of the Genoty of seals slong seromun 
comtral jones medeay hetecen 
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on : mm ageregate mdnated thet oF wer sermon 
actewity, of the type and mteneity conducted of thet time, Gi not reoult i lerge-coale 
Gaplacemen of ringed seals i the contral Besefort Sea However, because ringed seal are 
end ecologwally empertant and hecewse they lve and have thee pups areas where 

clear need to further Gevetop tectngues for 
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To a@dvress the few too of thew profiiems ef Gearrmened the qunemem Getance of 2 
waging from any of the Geer Glands (Tate 1) te 5 of he 6 compercom. He Genet, of weak 
wt telkes @ae 12 te 72% tower eottee 2 oe of ate Slend Gee & eae 2-4 om fee Tnapeciee of 
the coe Gate edecoted Ghat for the cengile cocepeee he beter Gemoety ot 0 2 em was preleltily 
ae ertdact of the ef) pootiwe eas aeagned to the cerveey tere al Allloagh the Gena, of 
seek eae lower Geer Che wiles  theth 1905 eee af elem: @ere acter end 198" ehee none 
wore mteve the magmetade of the Gilerene eas mah greater Gereng acterety (3) to "O%) thee 
* @ shernee (12 tw WW) 


& Din’ compercee of em@eseria! end adorn comteet areas eas ako Gome for all three 
years te (905 sm@eorril acter ety oe bedeng serome tenes we roads and slends e@s ealegpread 
reowiteng of m@uctria! Phat appronemately 60 mm aorons be | YR Che cml) closes me tes Mees 
were the arid aval mlends end assocveted we roads reoelieng o@ af epdectrial Bhat ea eas 
only $6 om sorons (Figure |) Dereng 198" cerveys, there @as me cbemes offshore dustrial 
me teedty however Gata wore analyzed aocordeng to the (986 emdecerial and comtral Phacts for 
COME RETF Per Ones 


be both 1985 and 1986. the Genety of total seek wae sige mceeily higher the mdectrial 
theck than @ the contre! Dhacks (Figure 2) te 190". & the aheemee of any off chore mec! 
acto), Genewty ow the “vedectrial Hhact eas sho higher thee ether comtrel, cuggecting ther 
some cheracterietcs other ther the presence of staence of getrvety @ere reqnemedtile for the 
Od ereme 


Serial serweys of conged seals mm 1985-1°8" wore the moet extenerwe and oystemetc 
conducted © Alasta and the forst for ehh hereeee year stalmetne a! Compares were Pose hie 
Dieta from those years demonstrated sebetantal yea to year vaeriaibeber) of renged seal denon ws 
(Tatte 2) Rerween 1985 and 1906, cbeerved Geneity of total eeale Hewlied out oe the Chehety See 
fast we moreased GO% from 29 w 47 seek em’ Inoreaees  teieedee! sectors conged from 
te WO be the Beeefort Gea, the overall morse wae 17%, from 3.0 w@ 15 eee em’, rhe 
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weOTOre Meet sector near Barrow decreaomng “H and the central sectors moreaseng 20 to W's 
The caunes for see enter arma! varaier are entnown hile relateonsh@. hetecen seal 
shemionee end piece! Peremeters such a ce Geformetios end extent of fact we Go exit and 
may Cxpleee omaell scale Gl lerences om the Get detee and shendenwce of seals they cannes 
accent for the lerge ctnerved omer anmual differences Be have mo meacure of Peolhagwal 
perameters such as prey evediebviey ehh may be @ mayor factor om Getermenung overall ronged 
Shendencee of & grOeR peer 
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Pigere 2. Density of ringed seals (total seale/em") te tedestrial eed control Mocks be the central 


Beasfort Sea, Jewe 1985-1987. 


Table 2. Compericoe of rlaged seal 
densities (total seale/em") of the 
shorefast tee of the Chebchi ead 
Beaufort Seas based cf  serveys 
condected te 1985-1987. Date from the 
Chekehi Sea te 1987 are sot yet 
analyred 
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197° and swheequently steadily mmecreased to 
3 ‘“/om? by 1986 The density m any 
partecwlar year ranged from 50% below to 40" 
abowe the mean demsity for eight years of 
surweys sence 1970 In the Canadian Beaufort 
Sea near Twktoyaktwh, renged seal demsrties 
have fluctuated from 55% above to 0% below 
the long-term mean m a far tess regular 
manner than the Alaskan Beaufort Sea 

Such annual and tonmg-term variabelity 
demonstrate the need for regular and 
relatrvely extemsve coverage of areas om 
which smaller-scale comparnons are being 
made For example, the density of ringed 
seals im the central Beaufort Sea decreased in 
the mid- to tate-1970s and subsequently 
mereased im the mid-!1980s (Figure 3) The 
cowld be attributed to changes mm industrial 
activity, which mtensified m the late 1970s 
and early 1980s, then gradually decreased 
However, the western Beaufort Sea, which 


Frou and Lowry. E/fects of Industrial Activities on Ringed Seals m Alaska 
as wndicated by Acrial Surerys 
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Figure 3. Density of ringed seals in three sectors of the Beaufort Sea based on serial surveys 
conducted ia 1970-1986. 


experienced litle or no semm of other mdustry activity, showed the same fluctwations m 
demsity Guring this tome period. Furthermore, the major declime mm Gensity, which occurred m the 
study area between 1975 and 1977, also ocowrred im the Canadian Beaufort Sea 


In aggregate, analyses of historical and recent serial survey data emphasize the importance 
of matching research techn que to the question at hand Our data indicate that in 1985-86 there 
were fo apparent broad-scale effects of mdustrial activity on the density of ringed seals as 
measured by aerial surveys. The data do not discownt local effects which would be more 
appropriately detected by other techniques, nor do they discount the possibility that regional 
effects cowld occowr at different levels of industrial activity. Most serial surveys conducted 
during peak years of imdustrial activity im the central Beaufort Sea did not have sampling effort 
or design suitable for simtistical analyses of differences between relatively small areas. By 
conducting on-ice studies, Burns and Kelly found that although aerial surveys showed no 
significant difference im densities along seismic and control lines, the rate of alteration or 
refreezing of lairs and breathing holes within 150 m of seismic limes was approsimately double 
the rate at distances greater than 150 m. Kelly and others have also reported results of on-ice 
studses which mndicated renged seals do respond to disturbance 
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mammals, including three species of seals, walruses, polar harbor porpomes, and five 
species of whales. All of these species are highly mobile and move freely imto and 

region. Only ringed seals (Phoce hispida) are abundant | 

spring. Belwkha whales (Delphinapicrus lewcas) are usually common Guring summer, and spotted 
seals (Phace laergha) appear im large numbers im summer and fall. The remaining species are 
generally short-term visitors or occur m very low numbers 
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Ringed seals im Alaska have been the subject of serial surveys sence 1970. Prior to 1985, 
surveys were conducted m different areas mm different years, reswhteng m excellent coverage of 
some areas and very poor coverage m others. In 1985-1987, sys:cmatic surveys were flown off 
the coast from sowthern Kotzebwe Sound north and east to Barter island Results imdicate 
substantial annwal variation im demsity and distribution. In both 1985 and 1986, the highest 
densities of basking seals in the Chukchi Sea were observed im Kotzebue Sound and on the 
shorefast we between Cape Lisburne and Pout Lay. The lowest Chukchi Sea densities were 
between Pownt Lay and Barrow. in the Beaufort Sea om all three years, densities were highest m 
the central region between Oliktok and Flauman Island and lowest near Barrow. 


Between 1985 and 1986, the observed densities of ringed seals mm all sectors of the Chukchi 
Sea and all except the sector near Barrow m the Beaufort Sea mecreased by 20%-87%. The 
merease was greatest in the Chukchi Sea, particularly im Kotzebwe Sound and west of Point 
Barrow. The actual number of seals hauled owt on the fast ice was also estemated by multiplying 
density tomes the area of fast we. These calculations indicated that the total number of seals on 
the Beaufort Sea fast we was not significantly different between 1985 and 1986, im large part 
because the observed increase im density was offset by a decrease im area of fast 
contrast, im the Chukchi Sea in 1986, the total number of observed seals, as well as the y. 
mereased by about 1.5 times. The estimated number of seals observed on the shorefast ice in 
1986 was 21 ,000-29,000 in the Beaufort Sea and 24,000- 30,000 in the Chukchi Sea, for a combined 
total of 45,000-59,000 (Table |) 


Belukhas whales occur im two “waves” in northern Alaska. The first wave consists of 
belukhas migrating through the spring lead systems mostly in April and May, enroute to the 
Mackenzie estuary region. The second wave, thought to be a separate management stock, arrives 
im Kotzebve Sownd in mid-June. These whales remain im the Sound for three or four weeks and 
are then thought to move north to the Kasegaluk Lagoon area in early July, where they remain 
wnt sometime im August. Based on the chronology of sightings, belukhas im these two areas are 
thought to belong to the same group, but this hypothesis has not been verified. 
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Table 1. Eetioated summbers of ringed orale hawled ost of fact ice of the Besefort and 
Chebchi Seas dering May-Jene 1985 aed 1986. 
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Lote 1984, the Keotzebwe Sownd hunts, partecwlarly the one om Esch holtz Bay, were the large 
and most predictaMe om northern laskha Swmoe 1984. very few belwhhas have heen seen om 
Kotzebwe Sownd, and the harvest has been very low oF foneaetent 

in summer 198°. as part of a study of the marmme mammal of Kotzebue Sownd. seria! 
surveys were flown of f Kotzebwe Sownd and ferth along the coat toe Pount Lay om an effort te 
determine ehether belubhas were indeed absent of present omly om very small mwmbers, on 
whether they had moved to bless acoesswhle parts of the Sownd where they were blew bhely to be 
duturbed Latemuve mterviews were comducted with local ressedents om compwrction eth the 
surveys om order to provede additsonal observation and of derect the surveys 


Belubhhas were seen om Eschscholtz Bay Gureng late Jume surveys A sungle growp of 
approtummately 50 whales was soghted on several different days (Feewre |) No hebwhhas were seen 
elsewhere om Kotzebwe Sound on ow surveys, although local resedents reported a few soe htongs 
near Kotzebwe and Cape Krusenstern During early July, no belukhas were sighted m Kotzebue 
Sound of Eschscholtz Bay Approximately 725 belukhas were seen west of Pount Lay on 8 July 
(Fopwre 2) 


Based on 1987 freld work. « © apparent that belukhas are still greatly reduced in number 
m Kotzebue Sownd tn the early | 80s, estimates of 500-1000 whales were common, and hunter: 
m both the Kotzebwe area and Eschscholtz Bay were regularly successful Sence then, soghtongs 
have been wregular and hunting success extremely poor At Port Lay, hunters continue to be 
successful, and swhstantial mumbers of whales sighted ft «6 still enknown what, of amy 
reationmshup there « between Kotzebue Sownd belukhas and Kasegaluk Lagoon belukhas ft 
mportant to comtenue studees of distribution, abundance, and stock wWemtrty om order to monumire 
the possebvlity that at some future date such declines of changes im distribution are 
mappropriately attributed to ov and gas activ rtres 


Frou and Lowry Marsar Maoremals of Katortee Sound 


BERING STRAIT 


Figure |. Belukhe whale sighting le Focthecholts Bay, Jone 1987. 


The therd major marine mammal species mm the Kotzebwe Sownd region « the spotted sea! 
Spotted seals are most shundant m late summer and autumn Field work was conducted m 
September 1986 and August 1987 to identify hawl-owt areas and to obtamn, as possible, stomach 
comtents for use om Geleneating traphec dependencies of these seals Freid work was augmented 
by mmterviews with coastal residents The major hawlowt m Kotzebue Sownd « located on the 
offshore sand bars near Cape Eapenberg Approssmately 450 spotted seals were observed there om 
September 1986. As many as 1,000 were seen there mm the 1970s. Other hawlowts include of fvhore 
rocks near Clifford Powt, Rea Point, and Cape Decett m southern Kotzebue Sownd, the rocks 
between Puffin and Chamisso lands in the eastern sownd, and the bers seaward of Kotrebur 
and i and near the mouth of the Noatak River (Figure 3) 


as the most common food of apotted seals m southern 


as 
Kotrebue Sound Crangonid shrimps alee make up about 10% of the diet of belukhas taken 
Eschechotts Bay Based on data fro) otter trawl, these ehiimpe are extremely shundant 
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Figere 2. Beteihhe whale cig hting @ear Potet Lay, dele 198" 


VMarwune mammals are emportant om the de and subomteme eoomemes of the reondents of 
the Hope Basen regeon They are tap level comeumers, and may emteract of compete oath humans 
for feherses resowrces Mt « appropriate that they be enchaded mm evosystem studes of thi area 
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Figere 3. Locations of epotted seal havlowts tn Kotrebee Sound. 


Frot, K J. L. F. Lowry, and J J] Berm 198) Distribwtion of marme mammals m the coastal 
zone of the eastern Chwkchi Sea during summer and autumn US. Dept Commer, NOAA, 
OCSEAP Fimal Rep. 20-56)-650 


Frot, K J. L. F. Lowry, and J J. Burns. 1985 Ringed seal monitoring relationships of 
destribution, abundance, and reproductive success to habitat attributes and endustrial 
activities. Interim report 1985 RU #667 to OCSEAP, Juneau, AK 85 op 


Frot, K J. L. F. Lowry, and J. R. Gilbert. 1987. Ringed seal monitoring relationships of 
destribwtron, abundance, and reproductive success to habvetat attributes and mndustrial 
activities. Interim report 1986 RU #667 to OCSEAP, Jeneau, AK. 5) pp 


Lowry, L. F. KR. J. Prost, and J. J. Burns. 1981. Trophic relationships among we-inhabiting 
phoced seals and functionally related marine mammals mm the Chukchi Sea US Dept 
Commer, NOAA, OCSEAP fimal Rep. 1137-95 


125 


ree? MMS - Avoow Informateoe Tramiecr Morton 


Seaman. G A. ond J J Germs 1961. prelemmaery cosceles of coceet weders of beled @ Alockon 
waters. Rept tet. Whaleg Comm 31 :6)-574 


venus, G AL. FF. Lowry. and KR J Frot 998) Fonds of tDelubte whales (Dri ptenaperre 
locas) om weetere Alaska Cetology 641-19 


Soman, G A. K J. Feost. ond LF Leery 1985 bewestagateom of belubbe ehales @ oneutel 
eaters of westerns and northern Alwta Part | Datributeon, sbhundance. and movements 
US Dept Commer. WOAA, OCSMAP final Rep RU e612. Anchorage, AK & pp 


x 


ACQUISITION AND CURATION OF ALASEAN MARINE MAMMAL TISSUES 


PR Becher 

Natronal Coram and Atmunghers AGmunatratam 
Qoean Assmuments Dre cum 

701 C Street 

Anchorage, Alaska 9951) 


The concept of arches ung tuclagecal and ems sronmental sampks for retrospective analyse 1 
recognized 83 a Mayor Component of symiematea EN s sroMMental Mom toring The bong -term sturage 
of carefully selected, representative samples om Bn eM crommental ape umen bank 6 BM vERGe tant 
complement to the real-tome monmoring of the emeuromment The retrospectrwe analyses of 
archrved samples allows the comparnon of present and past analytical techmeques and valurs. 
thus provedung contenued credidulity of past analytaal values, and allowsng Mleavdulity om 
eR eronmental Monitor ine Programs 


Marune mammal are omudered top predator: om the marune enveronment Chem al anal >see 
of thew teswes can be pa tecularly useful on Getermunung whether broaccumulateom of contam- 
mants (and potential teologecal effects) associated evth human endustrial actrvitees, onchudung 
offshore petrolewm and muneral extraction, © oocowrreng om marene food chaum: The collection 
marone mammal taswes over a period of several years ell provede an archive of samples that 
can be used to Getermune baselune comtamunant bevels agaumst ehach future comtamumant measure, 
can be compared 


The Alaskan Marine Mammal Taswe Archival Project was metinted mm 198) euth funding 
from Munerals Management Serves Outer Comtenental Shelf (OCS) Studsees Program The project 
« bewng conducted by the Alaska Offre, Ooean Assesoments Divemson, NOAA, and the Natwnal 
Burcau of Standards The goal « to archeve @ representatrve collection of Alaskan marune 
mammal tesue., for future contaminant analyses and documentation of long-term trends om 
environmental quali) 


The marune mammals of proncepal umterest unchude polar bears (!/+.us marivemms), bowhead 
(Balaena mysiscetus) and bebubha whales (Del phunapeerus lewes), Dall’s porpowe (Phacoenndes 
dalli), walrus (Odehenus rewmnerws), Seller sea lroms (fwmeioreas jets), northern fur seals 
(Callorhunus wrsemu'), bearded seals (Erignavhws harhetws), runged seals (Pura hispede), spotted 
seals (Phewe largha), harbor seals (Phoce vitwlema), and sea otters (Enhydra lutris) These anumals 
represent a range of sizes, habvtat use, and subsistence values 


e Geograph range of the species 


e Geographic range of a sungle populatrom (whether local or migratory) 


Mode of potential contamination through the food cham (bottom or pelagu feeder) 
e Whether « « a subsistence apecies 


e Avariabelity of basetene biological onformation 
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© Ease of collecting (rech wemgpies where source 6 predutetic and protocol con te 
fedicowed 


© Whether agency program: exnt that can prowede collecteom 


© Avadatelty of specs specd a Comtamenset anf ormatem 


The project has threr «Syectives for the fort too years 


Collect Alasckes mariee Gomme! Geeers thet ore welteblc for determining bevels of organ 
and Pergee (optaminsets 


Coliectiom of teeurs for archival are teeng lemeted to frevhly bllied anemak them by 
rewarchers of tahen om subamtence hunts Shea a sample archrwed f) the proyect «© analy red 
the researcher must have confsdence that the sample om collected » prescribed wm acoeptaiilc 
protecets “No Gead and stranded sremals mew cfd gpecumems archived from past programs « wll 
normally te sooepted by the propect As an sGdmeonel tack, however, the Proyect & wwrwe yume 
and catalageng eumteng tesue collectsom held tb) other onder: sduals and orgamiratem and 
ev ahuateng thee swetatwlity for future comtamenant analyon By thes pro pect 


Tramepert, coteleg, ond corate the theewes be « condition eeltablc for long-term werage and 
cceetenl Comtammnant analyses 


After collection, samples are pactaged. transported. cataloged. and archreed acvordeng ww 
Protec cls Comsetent eth these employed by the Natronal Beotmemitorong Specemen Bank Nate mal 
Bureaw of Standards, Gauthersburg, Maryland The facility, Geoned for long-term storage, & the 
reswlt of 10 years development by SES and EPA. and several years of comparatrwe tudes @ of 
apecemen archiving programs of Wet Cermany, Japan, Sweden, and ( eneds 


Storage « wader liquid atrogen vapor wt - 150°C, @hach 6 the best condswn availabe for 
Mehemizeng sample degradation Samples ell he selected by OC SE AP MMS for furere comtamonant 
analyse Emphases ell be on those comtammants associated e wh offshore moneral extracteon 
Requests by other researchers and agemcees for archiwed samples esi be comeddered on a 
case-by-case base 


Feld collection protocols were tested m july 198) Gurung the subsistence harvest of the 
Island These collections were obtarned through Cocperaicon and 
coorémeation with the National Marine Fisheries Service, TDA Corporation, and the local people 


wll 1 the fe of the project a more qpeckes are 
sampled Selected tesue samples may also be analyzed to Getermune the swvtatulity of each tmoue 


Becker Argue and Cara of siesta Maren Marme T ers 


| 


he eeocuwted oath Ge preircieem mdetry. « «& she reongeeed Gat 
Case ted 


Peers ometrectoom for collecteng handing and 
Storeng samples are proveded om the report “Alaskan Marrone Mammal Teowe Arcteva!l Progect 4 
Proyect Desorqtce tncludung ( oftecteoe Protocols, “Sowember 196" " At the tome, the protocols 
heen empeyed only om the codiecteom of morthern fur seal teowes therefore the 

report are someehet tuased toward the apecees As these procedures are applied to the 
sampiong of other marune mamma the protawats evll prohetdy he maddend Therefore thee 
Gacument represents the forst om a seraes of reperts provedeng the most revemt protewals used by 
the proyect Specd a comments ehah can he wed to omprove the proyect are eeloome (Questeomns 
and comments showhd he Gere ted to 
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Foleres end Aquatae Soeomors Se 17°9 Beers Regen Oepercment of Ficheres ond 
Ooverme Weengesg,. Maentote 97 © 


Ser 5 4. ant R Jewler 1904 The pike Eeewonmeetal Specs Berk propram Eaewon Seo 
Teche! 110) C- we” 


Ser 5 4. ont & Jewier (ode) 1905 eternal crore of eee wronmental qpecemers banker 
. S&S Depercmen of Commerce, Neteone! Boreas of Wandard: Sashtungeon DC Mp 


QUESTIONS AND GIN L'SMON Biigged Seer: Sri mme 


Beapeees (Froct) & hae beee of the pet BS mot rgilt Gow become Che womere 

herd @ wery bgh There @ae 2 cea! low. guy te 2 ere oF very, very, low harvest of beled @ 
the tne 1970, There @as andere’ @ protiem euth the people wduotog that 
really Gel goed more Cortbow whee cCortioe wore mack lower @ Gumibers af that tome There 


ong 

low, wow chill your Geet bat pow @oe'l @ mayor Wowie Bat, f you ent ep oth 

ond corthoe low @ 6. pened @ the 1° 70s, Chen you have 8 much larger protiem Riagta 
carihoe guebers are hegh and othe resowrves are faulty abundant sw people cam shoft Gets 
probelly earth mentioneng that Rootes Worl told you corier, @ Barrow, the wow @ bt of 
people falling back of more Wadena! @ays Hoe that money & tighter and jobs are fewer and 
forther beteeen That's @ generaleeteom that I believe com be extemc.d to other part: of the 
vate and got jeot Garrow | jest recently roterned from wemteng 2 Gervber of the wiliages @ 
northeest Alaska and the Kotzebue Regson ehere money 6 taght and pods are short Peaple need 
thet @aree Game! meet oF caribow Meet or ehateve? 4 & Row Mech more thes some of them 
Ged three of four years ago e hen they had bgher payeng sods 


(Newde) For Paul Becker, ae “© @ bizarre Question, bet | hope you whe & seriously 
That 6. the most ipertont element © whole eoosystiem | gees & man That what we 
sthowhd be comcerned abwwt Are any t samples of human bewngs coblected and archived” 


Response (Becker) “ot that | tnoew of from Alaska The teowe samples that have been tahoe for 
human hewngs were part of the develapment prose t for the apecomen bank bt mvolved coblectsom 
of tweet samples from sutepers m three cuties -- Seattle, Chicago, and Boston That again & 
somethung that eas funded by EPA and was done for that area What you brought ep & Quite 
emterestong Once you tale about ottasneng heman treue samples | persemally feel wacom ortable 
showt & Bul the pout «. thet & major concere & for homens & & top predator eithin the 
Arctee @vosystem where these comtamonants may be fownd 


Question (Nande) Th. reason | ached pow thie question 6 this, | commet recollect the article | 

tome ago that there was some very segnficant differences om the mercury comtent of 
natives leweng the Siberian area and thet mm the Alasken area. That was attributed to the 
poler bears and seals that rhe communrtses from the two different areas were thriving on 


not really familiar with thet particular thing thet you are talking shout 
and would the to find out more shout 4 


Response (Frost) Sethy (Neide), H's true thet concentrations hewe been « lot higher te fact, 
one of the wade magarines | read pointed out that the sort of ony happens @ eastern Canads 
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right now. Some of the Eskimo hunters are acting advertisements for Omega 3 fatty acids At 
the seme tume, they are advertmemg fo: those they're mot able to eat, they have been told not 
to cat 3 lot of the marine mammal tesue becouse o's so high mm mercury. Se om the one hand, 
the resource & good for them healthenme, but on the other hand, a's comtamimated to the pout 
tha! government o actually recommendung that they Comwme very low lewels 


Cecvtios (Naidu) What are the sowroes of mercury” 


Respeese (Frost) 1 thunk Alaska has much lower lewels of mercury than eautern Canada t's my 
smpresssom that those elevated levels haven't been Getected on the Beauf ort 


Response (Becher); The Canadians have quite an eatemsrve Gatabase for comtamenants both 
organochiorimes and metals, for thew area of the Arctic. From the eastern to the western side 
of the Arctss, @ appears that they do have wery hugh lewel There are some additional 
situations with high levels of cadmium on walrus which many of you may be familiar with, which 
resulted mm 3 program of analyses of taswes from the St Lawrence Island area because of the 
hugh cadmium levels Historically, high lewels of mercury are known wuthen the fur seal tiswes 
from St. Paw! Island. Seo, as far as marine mammals are concerned, there « historical data for 
some specees - some with elevated lewels But, « appears that for most of these, Canadians have 
quite a bu of data mdicateng very high levels there. Mowever, a may be because thew databace 
6 much better than what we have 


Qeestion (Naidu) Were they (clams) purged before the analysn” 
Respoase (Becker) No. Are you talking about food samples that are taken” 
Question (Naidu) Tisswe samples of clams, bivalves 


Response (Becker) The clams that have been collected and archived im the program are part of 
the National Mussel Watch Program. I'm sot sure how many samples of these mussels are from 
Alaska, if any at all 


Comment (Mate) | did 3 post-doctorate study looking at heavy metal metabolum m marine 
mammals that dates back 15 years, so | may not be wp to speed, but at least in one regard 
marine mammals are taking om mercury in a form of methylmercury im fish that’s really toxic to 
most humans and most other mammals However, they have developed a means of de-methylatung 
that and rendermmg  mnocuous to the mammals’ system. That's something they've had to cope 
with for coms, because most mercury and cadmium occurs naturally. A lot of it comes from geo- 
thermal activities. The value im this | see is in the man-made contaminant area where they don't 
have any preadapted biological system to take care of those things. But, the thing that concerns 
me i that because these anumals move great distances, they aren't like clams or mussels that 
are sessile and represent necessarily the area they were collected in. They navigate through 
large bodies of water along their whole migratory rowte. Therefore, interpretation is a real 
problem, and it's related to age-sea class categories, among other things. Unless there is a 
general trend upward where you can say that generally, the whole environment looks like it's 
getting more of this particular kind of thing. It's going to be very difficult to interpret some of 
this stuff. I'm glad to see it being put away, I'm not being critical of that 
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sample suze, Dut 


h sercal swrveys are very good at 
not the proper tool for loobing at something hike 


Bruce 
wndreds of meters down on the grownd and | guess the 


are equivocal data that suggest reduced numbers of seals 
, what actually = cawseng those lower Gemsitres may be something as 


feelomg © that aerial surveys are mot the right survey 
h. Distance from the land alo correlates with depth just as well as at 


are 
h 


al 
y 
of 


land and higher farther offshore. So, there are a tot of really 
m order to understand would require you to work on the ground 
You would have to do @ m a systematic kind of way with an overall view 


things. Wf you look at the density of seals with distance from land, 
to 
(a survey pictwre) to look at a broad sweep bul also with dogs Gown on the grownd so you are 


other 
close 
that 


rost} 

at broad 
erences that ma 
somes are th 
those 
water 

a lot 

lowe 
nems 
with Gams 

with = plus of mines two miles. You're rownding up or you're rownding down, depending on 


whether you're coming from onshore to offshore, or from offshore to onshore towards the 
island. You mtroduce all sorts of error into the system. So, a's pretty hard to be very much 


keep track of navigational errors and rownding errors. The smallest mcrement that we could deal 
more precise with this technique 


actually mappeng the location of breathing holes and/or lairs mm an exact manner There are 
logistical problems im tryong to fly an aircraft at 120 miles per howr over a poimt source and 
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ISHTAR « 3 multi-ducipimary, multi-eniversety coosystem study Gessgned to tem the 
hypothess that smter-annual changes of atmosphere: forceng on water transport through the 
Bering Stran result im a twofold to fourfold difference m 


e The flues of gutricnts from the shelf break of the northwestern Bering Seo 
© The primary production north of &. Lawrence Island 

e In the burial of carbon im Chukchi Sea sedements 

© In the amount of energy passed up the food web 


© in the chemical properties of the Arcte Ocean water transported sowth acrom the 
Greenland - Scotland ridge systems 


ISHTAR began im 1983 with a single 10-day crume supported by a small grant from the 
National Science Fowndation (NSF) The crume was essentially a pilot operation to gather some 
additional data to test owr early hypothess comcermmmg organx matter cycles on the 
Bering Chukchi shelf. The results of thes creme, im Combination with historical Gata available for 
the region, were used to prepare the ISHTAR | proposal ISHTAR I recenwed NSF support 
beginning im October 1984. The first full field seasom was mm 1985 and the last crume ended m 
early October 1987. The results of the full field season have been analyzed and are available a 


progress reports 


The results of the pilot study m 1983, although only from a single short crunme, 
sognificantly changed our early hypothesis (Sambrotto « of. 1984). Based on historical data and 
that from the Processes and Resources of the Bering Sea (PROBES) project m the southeastern 
Bering Sea, we proposed that the immer shelf (i.e. that imeide the front associated with the 50 


wobath) im the north Bering and Chukchi Seas would be driven by land derived nutrients 
primarily from the Yukon River. We knew from work m the southeastern Bering Sea that 
premary production after the spring bloom was nutrient (nitrogen) limited and expected that the 
Yukon, a8 & major pristine river with a nitrate coment of about 10 pM, would be a driving 
force to sustain production through the summer. The cruise results did not confirm thi. The 
Yukon plume is confined to the coast and outside of the immediate vicinity of the Yukon Delta 
We cowld find no enrichment effect from the river on the shelf, We did find the three water 
masses described by Coachman and his colleagues (Coachman ef a/. 1975), and even with very 
lomited data, determined that the interaction of the three Getermined the organic matter cycles 
om space and tome 

From east to west, shelf water masses are the Alaska Coastal Water (ACW), the Bering 
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are Getenct from the relatewely warm, low saleeety ACW. and « oo the from teteces the ACW 
and the BSW that « mow well Gefemed The coestal eater whack comtesms the sccwmwisted lend 
runcol! from the Yubos and other rivers of the Alasks coast apperently has bet 2 tongile premary 
productos event mw carly summer after the oes we breaks wp For the remmender of the we free 
acasem the coastal water has 3 low phytoplaniton beomasns (chicraphyl 2) and productrvuty Thon 
“ 8 Gremetx comtrant to the adyaceet BSW The eater mam has os oragems far south of & 
Lewrence Ieland @ the regeon of the comtemental slope The eater floes north across the vhelf 
where a branch flows west to become Anadyr Water, reacheung the serface om the wecumety of the 
& Leerence beleand The « cold, sutra laden water and & @ progresses acrom the shallow 
shelf, « supports very hagh phytepdaniion Qeuomasn and production The sstuatoonm « somewhat 
analogous to an uepecting system where futreents enter mm the sowth acar St Leerence Inland 
and growth comtsnurs downstream throughout the lighted portsom (most) of the eater column We 
evtimated the sneusl production for this system to be about M0 ¢ C mm”? ye", nearly teice that 
of the sowtheastern Bereng shelf and higher than any other arnctn area (Subba Rao and Plat 
1984) At the tome, no Gutenctsom was made betecen the Bereng chelf and Anmadyr Water but Gate 
from the most recent feeld season sugpret that tha may have been premature (Figure 1) There 
ms, m fact. on apparent emugma m the Anadyt system m@ thet although wireents are high 
productos « wery low Such « comchumon gears further analyen of the Gata from 1985 We now 
have @ vere of three adjacent water masses woth detent preductewety regumes We have 
whentd sed areas of high organs mation depessinm and subsequent nutreent regeneratoon and we 
have some correlatson oath the role of these regemes to higher traphe tewel apecses More detail 
6 omc lbuded om each Component pragenal 


—~ Whee 3 * ee 


: 


weter (lower valee) te the eorthers 


and resources of the Bering See shelf (PROBES) Thie project focused on 
studees of the ecosystem of the middie and owter shelf domain of the sowtheastern Bering Sea 


1 


McRoy ISHTAR: femer Shelf Tramfer and Recycling 
om the Bereng and Chadcte Seas 


The results of the project are extenerwe ond qeuckh of the formations 4 summaries’ @ 8 epecu! 
issue of Contineatal Shelf Research (Vol. 5. Nos. 1, 2, 1986). A major finding of that study oes 
the wnderviandeng of the wmicracson of acesnographx eath eocosysiem processes leadung to 
predomenantly beatha or pelagu food webs of 2 predutabic bass. The PROBES work, by Geog, 
largely qgpnored the smner shelf but the bypothesss @ ISHTAR were 2 astural outgrowth of that 


Pro sect 
ISHTAR comets of the followug wndrssdual research components 


Compoerst A Physical Oceanography. 
LK. Coachmen of the Unsiwersetty of Washington and J J Nihowl of the University of 


dctrinws on the contineetsl shell snd vhope 
Compoeret B Meored Biological levtrements ond Simelation Analyeis. 


3.3. Walsh of the University of Sowth Piorsda has comstructed and deployed . worometers 
and tramsmnsometers at the same setes of the current meter enstaliatioms The resultong 
tbuologecal and physscal teme serees @ull allow specification of the mter-annual variability m 
factors comtrolieng production m the Beremg and Chukchi Seas. These tome series also will 
provede walidation data for the ecosystem semulation models J J Walsh, m collaboration with 
the other ISHTAR wmvestigators, eill comstruct simulation models as a means of focusing the 
research of the multidicwplmary effort. Each field season Eulerian models will be used to 
compwte tome serves of chlorophyll, measwred at the current meter fhworometer arrays Lagrangian 
models alo will be weed to semulate the spatial datributions of nitrate, ammoniwm, dissolved 
organ carbon, phytoplankton, carbon and nutrogen, total partscwlate matter, and sediment 
organs ressdues. Usung the data provided by the other ISHTAR components, the swhmodel of 
each state equation will be revered each year as part of a comtenwing effort m the synthesn of 
data throwgh construction, evaluation, and reveson of hypotheses 


Component C: Carboe Processes. 


C.F. MeRoy of the University of Alaska, T E. Whitledge of the University of Tears, and 
T. H. Blackbuera and T. Fenchel of the University of Aarhus are measuring photosynthesn, and 
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measureng the uptake, recycling and sedementatwe of natrages compe mis Lieeng eotope rate 
methods for both metrages measurement are beong made o the amount of terres 
Getratal put to tha shelf ccosymem phytoplantion upeate of aatragen and netragen rec yclung 
by maroteets @ the ester colume ond swedueeets At the end of cach feld wae thew 
Rarage® Compounds the exter Colume 
and sediments eull be wooed to test and update the coos ymiem made 
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Compoeret £: ISNITAR Mesageemcet. 


Ae executive Cowncl of Dra Meolioy. Wah, Goereng. and Coachmen oul! ensure effective 
transfer of enformateom and data betecen the four xucetd a Componren A management off we xt 
the Unrverssty of Alaska oll arrange logetas (tageng for cremes, trowel), Gata morage and 
dutribution, schedulong of worishogs. and prepersteoe of annual progres reports The offwr a 
also the Commutnscatsoom bunt ech other nateonal and omernatenal studers agemias and 
emteresied perscms 


RErtRiMets 


Coachmen, L KR. RK Aagaard. and R B Tremp 19°5 Bereng Sere The regeonal piryocel 
oceanography Un. of Washengton Press, Wattle, BA 17? op 


Sembrotteo, R NJ J Doermg. and C FP MolCoy 1964 Large vearly productos of phytaplaniton 
m the western Bereng Strand Pub See 2251147-1180 


Subte Rao, D B. and P Platt 1984 Promary productiom off Arcte eaters Pub Polar Biology 
3191-201 


QUESTIONS AND DISCUSSION: Biological Scacnces Session 
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as 
masses 
havung an enhanced sort of condmion 


m the water colume of the core of water « mflwenced m the © 


general, part of which & the Amadyr 
| dont tnow 


tramapert of the various water 


Respoese (McRoy) ht has to Go wath 
the Bereng Strona m the wenter, and 


Qeestion (Newbury! | meant way sowth of the Stran, south of St Lawrence. The whales could 


stay  Anmadyr Strat water but they don't, they stay over on the shelf. There must be a reason 


for that 


whdersiand @. the Anadyr Strat water u 


moot. In winter, the water « so deep mined that 
the copepods and most of the oceanic species are 
depth at the edge You wowldn't expect to find any 


if you had morease transport of nutrient rich water 


8 
of 


Question (Newbury) Your satelite color bands show a branch of water south of St. Lawrence 
leland «+ maybe thats more prominent in the winter’ 


Response (McRoy) lt cowld well be, | 


necessarily high production, o's Anadyr 
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waters. in fact, you see there's even another one, corentally «6 Sibereee constel water bere bh 
needs that stratdscatsom te allow those mutreents to be utuard by ph) tapland ton 


Qerstios (Springes} How far south Go bowheads wuter’ 


Respoese (Newbury) My empressee «= thot they eenter southwest of & Lewerence Also, we do 
iknow they move srownd and are smocusted wath polynyes 


Qeestios (Newbury) Maybe the evadence of wunter feeding that Dow Schell & pachorg wp os 
really food that they are getieng on the way to thes wimteremg grownds, they feed a they come 
Gowen through the western Chubchs, the Gereng Strand and through the Amadyr Stren water 
rather then getting that much food on thew wunterong grownds 


Respoose (McRoy) Understand that the eater « 3 transport mechannm for emectally acrank 
apecess of sooplanktom that are accwrreng af the slope, the shelf break. and whack =e boumg 
transported acrow the shelf W you Gedn't hawe the Bereng Seramts -- 3 good hetorscel question 
for you ~~ @ you Gedn't hawe that commectson beteera the Atlanta and the Pactix you're not 
goung to have that flow through there afl the tome So. & suggests Commderatle variation of the 
ecology of the food wets acrons the shelf euth prologue tome Wf you stop that, what do the 
bow heads do when the Bereng Strads are closed” 


Outer 
Continental 
Shelf 
Environmental 
Assessment 
Program 


Arctic Information Update 


( awrdinsted bs 


Mi J Hemvredi 
WOAAOAD 
Alasha Office 


ARCTIC INFORMATION UPDATE SESSI0% 


A STUD) OF PORMELE METEORCLOCH AL INFLL EWES 
OW POL YN SIZE 


© 3 Seeger ont 1) fo Grow 


& gullymse © raporoesls Geli med a af regularly shaped qpemeng Eiioer? By) HE © eb Mmm, 
ome heat or or eaters a of gurtedly Gunner ae Gee Ge serroendeg we Polyey ore 
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thet pert of the Bereng end Chetete See north of & Matthew Intend 


The oF gona! oPtemte® was to Gegeiise poy hye aree! Cxtent from as mem) years as ponoihie 
The «mage: eore processed from Jemeery through Jone of @ Gaily bane Tabiies eore prepared 
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mart beady of apee eater 


The daily polytye areal extent tahies enatied the calewlatem of tema 
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(me Feltewers © 29°53. @ hege prolly mya Pate waded 
irom Ghe atte of the teward Peele Puly esa 
South, sorth to Pt Lae (fF mere 2) The polomys 
8 CRAP. wees © het the Gass feryhoe wrew 
extent taties Compaercon of the semmmar) 
tates of the Seeard Peaumeula Polpeya South for Febewary 19°5 and 197° conform tlerge 
polpaye formateon The @ensmem percemiage of apes eater on the Chebct: Sea for February 1975 
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iiyere =f Map shewomge appre scmate 
ln ateee ef _pereistemt polyeyi oe the 
Reriag See ( bebe) See otedy arco 


Attomgets eere made to correlate Monitly chomat. Gata aradable at four symapta weather 
etetems «= the Bereng and Chebct: Seas, exth monthly median polymya areal extent for 
roomy: fear them 


Lomear correlatroans were found heteeen average momttly temperatere at Rarroe and the 
Chetct: Polyeyse and af Nome end the Norton Sound Polyeya These correlator eere 
Stetetcelly segedecant bet email They onpled that poly@ya areal extent moreases as the 
Pe ae td es rr 


Lonear correlations were fownd hetweer evnd related varraitles and pedy nya areal extent 
These correlations were eho statiotwally spedwent, bet emell For S& Paul and & Lawrence 
lend Polymya, and for Nome and the Norton Sound Polpeya. the correlations wnplied that 
poly®ya area extent Georeased oath moreaseung eund velocety For Kotzebue and the & otzebue 
Sound Polypya the reverse was observed 


Serunger 4 Study of Possitle Meacoraiaguce! Ieflucnces 
on Polynpe Size 


Nevther the temperature-based mor the 
eund-tbased correlateons were so large oF 
-. — uneversal that they Can wnsmbaguouws eaplaun 
how and why polymys form Furthermore, no 
cCorvetatesnms were found ehiwh suggraied on 
esplanstaun of the unusual polynya caer ved 
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One. therefore, comcludrs that tempere- 
tere and wend welocety Go hewe os effect on 
polymys areal estent, howewer, Clard aeteor of 
these effects s complacated by other factors 
These factors may» unclade the followug 


. banter munient unfleence of temperature 
and ot wund vwehnwty om polymya 
area! extent 


. tnapprogriate selecteom of sutes to 
ott aun temperature and © und vein uty 
Gue to the warcety @ synoptn 
eenther stator: m the Bereng and 
Chwboh: regeom 


Pigere 2. Polpeye formation of fetreary &, . bnatulaty at the tume to Getermune 
ons. the best clumate Gata derived 
varcable to correlate euth polynya 

areal extent 


° lafluences, sech a8 current movement of sea surface temperature, which are 
arsecrated with the oceans and for ehich there « no adequate Gatabase 


. Comourrent acteom of aceanographe unfluences eth the atmoaphers ones centered 
upon om the study 


Af emprovement on the attempt to correlate chumatec variable eth poly nya areal extent os 
suggested by a qualvtatrve explanation offered for the appearance of very large poly mys and 
North Coast Polypmyt mm 1975. These atypical polymys were associated wath the formation of a 
hugh berometrec pressure center eithun the Alaskan landmass, north of Alma, or over 
MacKenze Bay The setuation « uncommon m the months preceding May Perhaps presowre 
differences between synapt weather stations showld be studsed The suggestrom here « that 
atmonphers forceng may be related to mayor ocean current ewent and that polymy: are related to 
current érag forces more than any other factor 


MGA tional eMprovements om the attempt to expla polyny: formation wowld undoubtedly also 


arse from addvisonal measurements of sea surface temperature and current movement near 
polymya setes Gureng the tome of thew formation 
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BEAUFORT (CHULKCHI ICE MOTION AND METEOROLOCY UPDATE 


Carol H. Pease 

NOAA Pacdx Marme Laveronmental Laboratory 
7600 Sand Pout Way \E 

Seattle, Washington 98115-0070 


INTRODUCTION 


In August 1986, the Pactix Marine Lavironmental Laboratory began a two-year study of 
the corculation of the coastal Beaufert and Chukct: Seas. in support of the goal, we made 
observation of meteorological parameters and sea we Grift so we cowld wnderstand the contest 
of the aceanographs: measurements 


Three meteorological towers were deployed om land along the northern coast of Alaska 
dureng August and September 1986 to supplement the sparse network of National Weather Service 
(NWS) stattoms The NWS mammtaums premary weather statrom: at Nome, Kotzebwe, and Barrow 
There are also secondary weather observation statrom af Cape Laburne and Barter Island, 
marmtamned by DEWLINE personne! Our station were placed at cy Cape southwest of Barrow, 
at Lonely between Barrow and Prudhoe Bay, and at Resolution Island m Prudhoe Bay 


Three sets of satelime-tracked driftung statsoms of buoys were deployed om the pack we 
dureng the observation period A typical deployment commuted of a meteorologscal station with an 
ahemometer, @ Current meter, a4 and water temperature sensors, and a barometer, embedded m 
an array of two of three smaller buoys, each wah & thermuter and barometer These 
deployments were made by helwopter m October 1980 from the we breaker Polar Siar, m March 
1987 dwectly from Barrow and Prudhoe Bay, and mm November 1987 from Prudhoe Bay 


The following preleminary dmcussion & focused on the weather with a few general 
statements about the ae comdetroms and movements, because the weather was quite unusual 
Gureng the entere study permed and because the we motion data « only partially analyzed to 
date 


AL TUMN 1986 AND WINTER 1987 


The aw temperatures over the coastal Beaufort and Chukchi: Seas did not cool off wnt! the 
therd week mm Nowember 1986, nearly a month later than the clomatological average (Figure |) 
The September ‘October creme of the Coast Guard webreaker Polar Siar encowntered the least 
we om the coastal Beaufort Sea im thirty years. Low pressure centers passed through the area 
with frequencees and untemsetees typical of mid-latitude early autumn, and one storm mmmediately 
before the crume caused extensive storm-surge damage im the Barrow area, inchuding road 
damage, beach erosion, and destruction of archeological sites 


Pressure and temperature records for the several meteorological stations across the north 
slope were very highly correlated with only a slight lag between Icy Cape and Resolution Island 
mm Predhoe Bay, showing that the systems which propagate wp the Chukchi coast and across the 
southern Beaufort were moving rapidly and were probably part of a larger scale shift in the 
hemiupheric weather pattern. The early winter was relatively mild with temperatures generally 
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between -40 and «10°C. There was one week im mid-February 1987 with surface aw temperatures 
below -40°C. Most such mtense cold periods occurred when a high pressure was centered over 
the area and wend apeeds were concomutantly low 


Pease: Beaufort /Chudchi loe Motion and Mescorelogy Updase 


SPRING AND SUMMER 1987 
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srownd O'C by the end of May 198) (Fugure 2). At the tome, the temperature tabled and the 
éduurnal varations were Gumunnhed by the onset of perustent actu stratus Clowds From sbowt 
the summmer solsttace until pul pret to the auteme equenos, the a0 temperatures were ticadsly 
teteces © and 10°C. In aud-Auguall, low preswre centers started to punch through to the north 
tlape from the Bering Sea. as obeerwed from the August September creme of the NOAA tho 
Sur ee pew 


AL TUMN 1987 


The sutema’s meterologual pattern «= closely followeng the pattern set Gurung 1986 wath 
extreme @aetemum summer we estent, the Beaufort comm apes watd the fut weet om November 
and the frequent passage of low pressure systems through the area An smnberestung Comequen—e 
of the large amount of open water @ autumn « the production of “lahe-effect” wow over the 


north slope 
SUMMARY 
The Alaskan Arctn: marcdeme clomate Gurung the ged- 198Os « choracterwred By 


e Warm coastal currents, frequent penetrate of storms omto the Arctn © swmmer and 
autumn 


e@ Minemum summer we extents that have never deem recorded 

© Late freezve-up of the Beaufort coast 

© Delayed freeze-up of the Chekcty and northern Bereng Seas 

© Raped westward drift of we across the coastal Beaufort m we umter 

e Northeard mean drift of we throug h the Bering Strat onte the Chwhoty Sea 

These currelatroms are om strong cComtrast wath comdstsoms Gureng the mid- 70s when summer 
we rarely cleared Barrow and winter Masemum were some of the worst ever recorded. Nt um not 
yet clear whether the warmeng «© part of a decadal-scale variation or part of a larger globe! 
warmeng trend 

The comveyor-belt process, m which pack we «& lowe nm mite warm water, melts, and therehy 
cools the water so that we can advance further, «6 at work m the autumn coastal Beaufort and 
Chwhot: Seas. Thies was shown by the repeated melting owt at the we edge of buoys placed 
meede the pack near or just after mieimem we extent (Figure 3) Calculations have not yet been 
made to show the relatrwe magnitude of the contribwtson of the mechanmm versus radiative 
coolong of the aoean m preconditioning the water for fall freeze-up 
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tle Cctober 1906. WOAA PMEL began op 16-conth feld wtedy @ the Beaufort Sea, outh 
appering @eaeerements: « Ge Chebch: end sorthers Bereng Seas The goal was to acquire 
Getaie’ stormates shot Ge veratviay of the flow over the chell, and of a 
oorame forceng. and to Go wo ower 2 suffacerntly bong perand that understanding of the regsonal 
cwoulatee and a low frequency saraitulity eould be sagndscantl) emproved wm both a Cynama 
and @ statetaa! sense 


The speteal meacwrements omleded sa bydragraphea secteom across the shelf and shape 
Geariieted from 1%)- 149°C (Fapere |) tn addmiom to current, temperature, and Gepth prof ies 
(CTD). these sectseoms also encluded sampling for Gasclved oxygen and gutreents Five arrays of 
moored mearements Geployed on Chtoher were retreewed the faliowwung March and April and tee 
more « Sepermiber Dereng the March Apri 196" feeid semen, three complete bydrographu 
whem were fe-ren, together oath porteom of a fourth, and seven nee moored arrays were 
depleved 40 eg) more @@ Pet oot @ August These oll all be retriewed mm 1988 


HIPPO BAP SEC TIONS 


Preiwaumary cram cateon of selected fall bydrographu sectiom shoes most of the northern 
Alaskan shelf heeng snendated by the warm Chubcte Seo enflet, evth manemem temperatures of 
» CU The warm eater she extended out over the slope om 8 swhourface layer 


The epper 30 @ of the coren wore nearly Gewor’ of nurate, both ower the shelf and over 
the slope, and regardiess of the erat dmetion of the epper coean On the other hand, ammonia 
conornirateens were gute large acd tended to be associated evth the earm eater from the 
Chehotn While both phoaphete and ollwate wore reduced m the upper coean, they were far from 
depieted However the largest values of these latter mutreents occurred off the shelf. and then 


MOORED WEASL BEMENTS 
Preiumenery examenation of three of the fall-eunter moormngs suggests long-term, mean 
easteard mote om the wader erremt to 10 s *, wath peat passed speeds about five 


al 
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Figere |. Lecetion of bydregraphic sections from October 1906 end of meoriags deployed te 
October 1986 and recovered te 1987. 


The welocety records show large variability om tome scales of 5-10 days wath frequent 
reversals Much of the :ariadulety appears to be coherent both wertscally and alo horizontal!) 
across the shelf break However, differences beteeen the records from adjacent mmetrements 
pownt to the exsstence of higher horizontal and wertical eave modes as well as the fundamental 


The SEAC ATS prowede @ hee measurement capability The temperature and salmity records 
represemtong Comdetroms abowt | 5 m above bottom shoe fluctuatioms eth tome scales semular to 
those of the welocety records (Figure 2) The characteretx peak -to peak amplitudes are shout 
10-1 5°C and 1-2 pew Such variations suggest vertical excursions (upe wlling and downwellung) of 
order 100 @m from mean tsopleth lewels These events may there’ ore represent signif want 
exchanges between the shelf and the deep ocean, with com equencc. for both the physwal and 
brotogical reg emes 
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of preseere pradeets thet we here seem these lepers suggest het soenething of the order of 


Lawrence © comm@ctiom eth the brene events And you certanly ell see the Geemer cogeta! 
current reverse ehem you get that flee ft « straght forward heracheme effect Be: 

lepers are so cheliee. there are strong fricteonel effects and these tend to make them tieed 

” @ bottom Ehenee teper, oF sometheng Ne Chet, tte the teterier Yow Gow’) howe Ghat ineletion 
from freotenel effects thet poe get ce the cememertime, ehich of course, are much thicker and 
where yew Get trae ® Pegher Pernchrmn speeds 


CURRENT BESPONSE TO SEND IN THE CHUECHI SEA 
A BECIONAL COASTAL UPWELLING EVENT 


nergeal we come. Ger i Ge eet acter of 
from the cout end northeast ao cae pradwoer reverses of the prev adieng 
aoetbero Teme aerers Curren! mrawrrmrnts @® the regen haewe caggerted thea om 
aithough they hewe cewesied large eewerueh @ Ge slongehore fice @ reqpemer t te end 
These reversals aoomwnt for a aged cant amount of the variance om CUTTER! Meter MraoUrEMernt: 


The e@ter Giese ohh @& Ploeung fortheasteard slong the coat « 
ering We eater ond Chetch: soonioet eater The eater & thoeglt t© be found w deeper 
Geptte after paseeeg show 71°. ond «& thee overiam by water Gereed. @ part, f 
Beael ort Sea 


the Chebots See Cooperate @uth the scents of the preweoes creme allowed ws te Gepiley 
fowr CUrrent meter moor eng: These moorengs ere mmotrumented eth sedement traps and 
Senderaa ROME current meters Sence the moorengs eere to be om place lews than the 
current meters @ere Geployed premarily to obtam estemates of the current wehac ctees that the 
sedoment traps ere eaperemene coring thew sampleng Very berthe om the @ay of 

SMatetns eas expected from the current records ewth Gurations bereeen frve and exght days 
However as «© often the cane theve short tome serces sampled an 
om force event Current, temperature and Gepth (CTD) profiles were sogewed after 
Geptoyment of the moormgs and after thew recowery The BR VY Ovrenographer has an Acoust 
Degapter Current Profdeng (ADI P) system ehich eas operated Gurong the crume To Getermune the 
sowrce of the wara@tvens «@ the currents, the eunds from the National Weather Serve (NWS) 
otatren at Barrow were obtamned from the Local Clhumaeta Summary 
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Figere |. Vectors of «ied of Barres end cores correets of four correet meter m@ooriege be the 


Cheichi Seo 
wiheecteard The reversal eae produced by ernd, ehah had hegun | Piece fromm ett 
cant northeast at up to 1 miles per how The nearshore moore (CH had the tors 
ympliitude varmtron of currents and the largest temperature sariatron The semplituc ' 
reversal Gecreased offehore. from CHI’ te CHMI4 The eteteon further fram a ot (WIL os 
near the we-edge and on the other wale of Barroe Canyon end « wh cee hank The Moe 
CHI} eas comsmtently toward the cant, and «© only poorly related to the eid 


{ross cerrelaten analyses eas performed te obtaen teme ag estemates for the mason 


wrelatron heteeen the eund af the NBS etatron of Barroe and the currents menewred of the 
moormngs The huphest correlatwm eas ofeerwed at CHI) euth « walue of O88 at 6 hour lag ~The 


correlatron Gecreased eth distance offvhore and the time tag of the highest corretar 
mm reased 


is 
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jJoheson Current Reapower te Wend o the Chadcte See 


The temperstere tome servers from the Current meters supports the séce that the ound oo 
The temperature at CH!) Georeased from warmer than 6°C before 
the wind cewersl to lee thee 0 on August The tee current meters ot CHI6 and CHI 
chowed wery dlight Georeases, bet they were siready measereng tees than OC The toming of the 
lempersture respomse pradwoed the Mmenomuem temperature Coumcsdent eth the reversal of the 
cwrrent from the snomalows southeeweoerd flee to sortheasteaerd From the CTD crow secteon 
the O wmotherm cocorred ot shoet Yom Geoth subeeguret to the event, of the tome when the 
moaorungs were recovered |? the upwetiong revelted = ifteng tha sotherm af icaw 10m to 


Prodan ong upeoeiiong (fF agure ° 


the 19m Gepth of the CHI current meter 
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Figere 2 Time cortes of tommperetere of the four corres! @rters 


The AD? currents fiom the th mounted system give on aden of the horiental extent | 
the current response (Figure 3) The ADCP data eas soguired from a pout near Barrow on the 
(reme Contenwoutly at feo menute mtervals These Gata were smoothed with a 6!) pout triangular 
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Figere } leetentenrons velocity vectors @easered by the ADCP of the Orcamograpter. The 
rectors weer Berree shee the correet reversal essoristed with epeeliiog 


fytter and them subsampled at one how mmtervals The smoothed data thow clrong sowtheest« ard 
flow eer Barrow af the same tome and of roughly the came detance offvhore a (C1 
Swbeequent!), as the shep proceeded offehore, the current velocrtees must he emterpreted «@ ot? 
both the eund event tome history and the apetial current Getributon 
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ARCTIC PLANATON COMMUNITIES 


Robert T. Cooney 

Schoo! of Fesherecs end Oocen Scurnoes 
Uerwerssty of Alasha Farthant: 
Poewtenks, Alasks 99775. 1080 


Biologucal studers of the Arctx Ocean Gate back to the carly 1900s when the Sowet Lame 
began actrvely studyong those seas and the Geep acean bordereng fs eatemwve Horthera Coastline 
Mech of that work eas Gwrected toward wnderuiandog ecd ax aepects of the tuolegy of thow 
cold northern eaters. More recently, 1 5S and Canadian werntets have wetted weds of thew 
own arcte marme eoosystemms A number of these mvestagatsom have eaamened and Geucrsbed 
pracesses known te promote of Comstrann the syathesn and tramvier of organ mation em mar une 
systems elerehere | take the opportune’) te very Prerthy revere some of ehal « generally 
known shout plankton commundes m the Arctn, and partecwlarly to poent te seme relatively 
new fomdengs suggesteng the emportance of the entrudeng wiharcta pelage Community that enter 
the Arctee Baw vee the Bereng Wrant 


Ceervatiom endertaben at Delt Stateroom Alpha m 195° and 1958 comfermed ehat had hong 
been swapected ahowt the annual preductsom cycle of permanentl) we covered regrom. namely 
that premary Productis ety me bometed by het te omy & tomy fracteom of each vear tf ure |) Th 
meam that both the magmetude and Guratreon of the eater column planiton “Meom’ « greatly 
compressed on tome arowmd med- to late seommer ehen the snow albedo m at ets annual Mehimum 
ond melt water on the we. coupled euth open ieads. allow swllieent penetration of solar energy 
to wtwlate phyteplantton growth H m see generally accepted that betecen | and 5 g ( are 
fieed annually per guare meter of sea wrtace om the fbegh Arcta mabing the the least 
productive regeon of the world coran 


Thess small amownt of ammual proudecteonm nm Gntrebuted amomg member: f a9 marbed!, 
mpovernhed zoaplanttom Communit, haracterszed hy blow Greersety. low Peommass and vlow 
growth Une of the mayor large calatoeds, ( alam: fi perforce, requires teo years rather than 
me to complete ots ife cycle, preswmatly because of food bmuted groeth during the farroe 
production endow’ each vear Sumilar congenern of closely related swharctec apecees ((€ e/an 


omer Sewelen: Nwewhre:) Complete thee respective lie cycles om a songle year 


As «= the case over other contenental marge, the preducteom cycle mm Most arctn shell 
and coastal env eromments m someehat more productive than the Geep-acean system The most 
recent estemates from arctee eaters meducete that up to Weg C mm . can be fined by promary 
predecers om shelf and coastal enveromments, evth perhaps as much as 3O% of the production 
Sontrihwted by an wader-soe algal commuenedy The amownt « rowghly the same as that produced 
m the large olgotraphn: swhtrepecal gyres located at roughly 10" north and sowth latitude m the 
Atlant and Pacd «x Oowam 


Nudes of tooplankton communities m the Alaska) ond Canadian Beaufort Seas document 
matures of coeame and heret specees Oocurreng over the relatrwely arrow shelf, presumably m 
respemse to large and mesoscale misemg phenomena Three “type” communities have been 
proposed, based om apparent assxciatiom eth eatermass character mtecs 
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The relationship beteree snow depth, solar radiations end chioreph) meavered at Delt 


Station Alpha, 1957 and 19°C (Nemete ead Harricce 1981) 


@ 4 gemerally ewrvhaline and ewry ther ma! 
eaters of the ohelf (0 te 10) mm) 

© A Geep. cold water group (hetlow It 

e A leotemcti»y Pwactmh eater mMemrwnerty 
generally re tra ted f the shal = < rasta 


en vwonment of to low salemety @ater (<5 
pet) (6 oe wre 
T »pecal mod omdecatou molwde € al anu 
ny per Por ews { fiak (& ; ob Om ob! 6s Ph ie OF Wh ael ws 
ond Ovthema sem representing the ferst group 
ehile Gardin fom pone Hetcrorhehdas georwe gu 
ond = C freridius oftuusrom are the Geep water 
forms [ pmenelanus mactwres Acertra wuss and 
Furviemora terdmam typically mdsecate Practmh 
mchore Comet coms 
S torth aseemPiage,. fownd m the western 


Reaufort regron, «& eptroduced with the northeard 
flow of Berung Sea water through the Bermg 
Strand’ These swharctsc szooplantiers, represented by 
the ceopepeds Scmalenmes criviatws SN plamcthrws 
( wianus mer vhaliae Ewcalanus ungu and Wetridia 
iucooms, are often fownd as far east as the Alashe 
Yubon terder There «= fo evidence that these 


mv adeng epecees are able to reproduce wnder arctx 
condetrom However, © of leant some bocelitees. 
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Figere 2 Indicator growps of Arctic 
rooplankten by hydrograph province 
(Greiager 1965) 
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notably the Chirikoy Bawe and southers Chetcte Seo thee peeermce of Gheew “oeenes” ant Gew 
tranqpert mortheard is reflected by the presence of some of the largest colones of seated) ane 
mammals found envehere @ the Arctc Abo, the enusually bh predates of orgene meter 
asacuted wath uperiied deep eater Moowg northeard uno the Chetty Wwe 4eC @* a" 
rivals the richest qmarine tegen om the world core (F qgeres }. 4. 5. 6. and”) 


—— 
- == 
2 a 4 * | i A. s A a 
ZOOFLANE TOP 28D MICRONEE TUS CONCH NITES 
(Creene ent wer Bel commun ty ‘ov de he! end (ere ommer ry 
( hemes oF rnates Par ache = ¢4 , ” ~ . eupshatias 
f a toll re re a’ we % iL « Mm = P or peere9608 bpleert hegee 
Bi a artes Maem: Mery |, Rome 2we Ph ew sre eg’ ® 
Merrdea parvfee Eukrotn-g Samate ee ieee ern Te 
P «whom ah ats SPP Sam rte a oo 
OO Rema sete! ss 
Bn one 
Beer! a © | aan (omen pepe: Gd momen f vadme op 6 erga 
Foden op Eur yermore pacviwe P vetted 0 ce thes Bp Tee stews Ce 


Figure 3 The éistribetion of seaplenbion commenities te the cactere Bering See (( comey peer) 


The broad-scale ecological rami watiom of the “earmhment” of the Chebch and westere 
Beaufort Seas, associated arth aceanographs processes (tranqpert and pradectom) accerreng © 
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Pipers 4 Gonereticon® cortheard Mee Figere & Bistribetoe of eee amr copepods 
Chr emgh Beromg Serer oe the worthere Bering ond soethere 


Chebeti Seas (Springer 1988) 


a. * Baw & 5 @ regen 8 pPresemtly the sell pe. Y CUM eh and pianned 

wee FeNe er. ® Ag Meme i &. the Satermal Sc epmoe § oemdatess (SW aed the Nateomal Cheam 
ef Atemonphere £2 Gemem trate (WOR Most of the om ademg sebhercte fooqlanttors are large 
' re | rE2rem That Comtae® Seg hel ne RH Behe owhts vd bagreds and eas wood fu Tere cmter emg we 
rep oniecteoe® W prebemmemary evtomates of the amownt of orgams matter trata reed northeard a 

lamb ton moved ®» cerremt: throwgh the Bereng Strat are correct approaemates 20 rmublew 
metre tore of eought of | 4 mullion Metre tome of carbon can he carreed northeard Gurung the 


perce Jeune Septemiher of ea bh year By eas of compermom the amownt « appronematel) om 
treme | het © gemerery ¢ erirdtered to he the custarned ammee! frherves catch for the emtore 


(H perhaps ever greater emportance than the actual amownts ef material entereng from the 
cwhercte Pada each year eowld be the endwatcem of how warrable the tranqnert process « fr 
seems buhely that enter ammeal vard@troms om the amownt of orgamn matter reacheng comowmers on 
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STATIONS Svar rows 
Figpere 6 The seeding cteek ond ieee ° Compeditice of copeped 
Cote pesrteet of peeplerh tee s@ampled ve CO memines seeped oe Anedyr amd 
the Seadys eed Shperherg Serarts ce Sipewherg Sermem  seethere ( Perches 
fhe see there Chercker Baooe (| Sprenger Beole (Sprenger 1988) 


the Chebchs end eects Beaufort Seas ot the Bering Soret Gepend fbowh of the fetere 
vertatro «© Bereng Sea “source” stacks of plankton end year to year changes m the temeng and 
amount of eater moving northeard The Japenese suggest the former may be cyole By 8 aot 
of ghowt tee ower permed: of three oF four years, elle the letter & Sieeet erin) related te 
chort medeem amd tong peri vartatens  stmoapher« forcung The mediator enfluence of we 

“rT, extent and Geretion. & sho « factor te be comeiiered @ e@areseing Guests of 
eter wemewl © mr caP whet y 


The coastal lagoon sownd eee erenments of the Arete represent the enterface reg mr 
heteeecn the wetland and rrvere;e cystemes and the true coastal marene haPerwts GB otzetee Serena 
and Haerreom Bay coastal Alasta represent examples of gure large shallow frmhay ment 
eel beomoed great) By dacharge from retatrvely sebetamtial rreers Here the semmmer foogiiant tom 
comments 6 cheracteriaed by @ very predutable “brackish eater’ assemibtage of hawh {rece ater 
and marcne oF ogem Serpriemng!) of ac caseon seme meemhers of these bract oh pegmelatrons hee ore 
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QUESTIONS AND DESC USION Aecew Sefer U pda Sree 


Qerestion (Nerobery! | apprecuned Ted Cooney) comment & om show Ge eoolapecel 
wpe cance of Ghee mowoment of Revenge eon orgeneme wee Ge southeres Cheichs Gog bat 
to the Gacusmawe of had vemerGay regard Doe Sobel: aon snalyoe of thrwhead tos and 
the eolatee eppertence of feeding cuteeie of the Eeowfont Sea. TE Whe Ww proper Gat oe 
Gecum ohat bund of aturmatem oul help we pe he gurtat Gowen miwe — more Googe 
otf ormatem more creme atormatam Bruce Maw) saneling taggayg type af ormatem analyse of 
hetorael Gata WS tend of oe apee Guewiew and | Geet of eepertent one FG ibe Ww we some 
mre Gace showt « pertaularls moe ohrn theve are aperutagaions howe eho Can Comment 
on some of the elem that heave Come oat 


Comemret (owls) Thats af aierewteng eiee 8 eoeld be ere Getrectier ¢€ Gat pe of 
Gace owls cow wt othe poet W there & apytheng Gore Qed a te treme to beer oF a 
Téa te sieves’ @ @ 


Commeet (Khel) fs femme, how fat the progressed Al the Rowtead Shale Conlerence low 
eer. (com of pow guey recall eho eeve theve), @e pet ep oer weet motaper fendenes Al thet 
me teed epee static mokape rates of the ehale of comluded that for yuung ehales 
apy ooumately too therds of the fad eas bewng Gereved from the sowthere and eeuirra pert: of 
thew range For the adult ehaies. « looted Whe Geet of the food eas Gereed from the erutere 
ond sowthers part of thew range Al the tome, thet eas simeet teretecel The preven 
sowie had bheew thet these seems eont wie the eaters Reawlort where they fod for the 
oummer and thee comted for the eunter on thew reserves that were aocwmelated Gurung the 
cemmer | thu hereeen Alan Yorunger's eurt om tranqgnert of cugegeads and om the soegian tom 
iormatno® that s comung out of IMIT AR expecsilly the Deomass Gata as senpertant to realize 
that heteeen the Bereng Soran and ehat ee coll the edge of the Arcte OGoeen, the Chubole See 
productos Grape bo af leawt a factor of 10 The ares srownd Wrangell teland Goew te the north 
Bereng See bas prohelly some of the moet highly pradectewe waters @ the @orld and the ehales 
are taheng fell aoe of thet Deomass ffs epterentong to note that the De erceteon of the Ourrenth 
thet ea poumted owt on one of those beeheads goung guorth matches very closely some of thove 
shales head sowtheent some head t: Wrangell and come duen they re prohably Gowng the same 
Chung they are howh tabeng advantage of a Seo a really probably makes no Odlerenve eheihe: 
they come sowtheent of ehether they go over to Brangell and come doen What they are downy 
® reapeng the harweut of cwlf mes that has acowmelated m the ful summer's production, that ha 
been tranmperted north em the Chebeote Sea bts past beew fan enateng eatcheng the puteres of 
the pesee purrle emerge ower the cowerse of the lant year, @'S just starteng to fall wte place 
woe 


| thet & eel Be really mteresiong ower the neat couple of years @hen the revelts of the WOAA 
program and ISMTAR begun to te Gown the actual quantd matron There « @ lack of of ormation 
om the Sovet sector We need some bund of wmernational cooperation M's send want thar 
Coorbaches © bis Mermansk apeech this fall cad a one of the major tapes he would bike wo wwe 
omterhational Coaperatiom to preserve the Arcot comduct an emtegrated study of the Arctn and 
the wowld be an shea! srtuation beternatiomal cope ratoom 
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Question (Mate) ts there muck production thet takes place carly i the apring, and & the owoep 
of sooplention past the polynya areas early enough to have potential as a feedeng component 
for bhowhead « hates” 
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Qurvtiice Gaeieaws) Anctite: GQaagt. anf he eee tak w& oho Doe ote om wpe 
Lecetailly, Sm pater & tend of 2 coperyer belt Gat) Geen Guteral from Ge whercti«a 
mw Ge Cheballe end over & Ge coe UY the guteral © teen Genged wee Ge comers Chakcln 
ant weuters Beawlont. teeoeug Gat whales, teed end ether seem are food of he Gate! 
m= the (hebele ond Geoetot bem. © Gat getyg & Gee wp @ Ge eta sooo” Shaet « a 
gomme w tek he” The Geet «. ehere ore Ge etalon feed and we Gey food of 
pleteoe Gat «© Goee eoeth ep gorth. ent cot” Tie otter Guewiee | ty ¢ @ cele’ & Gew 
upeeriiong ewrens bb thewe ae urratee betoeees apeelinng exrmt and Che ceerite eater Chat » 
moeeng pet” That) somehow gomg  weeret end affect seapleniaon Ge eater Gee Gar’ 
mowang from the colberctea by thewe amy bond of comme ten® poe see thewe” 


Reapeees (C Goney) | Chee Chet the lgleer. warm. and fresher eater & gong fewer CFT there 
~ tet soe o8Ff fol Gat Ge coli. wllty oot & fglt feet & Ge coe The eaald 
pee emails tate the pluskeue eth « ahghully farther of Pohure Than poe sgt fond 


Qeevitties ( emmwet ( Aageard) Se oe copemiedl>s heard &@ Sateeneen Gat ef need t grt eeu of 
the polewel Gauri that rere ep through the cemeral Chet. Thewe ave ame very large scale 
peelieess Ghat Geeutly colar w Ge thie cf are talon shot fur eaamplie. ghee! cartas 
Tees: One of the segertam cous here « ohat hagweme to the cartue Gaenqpert’ bk the ceweral 
Chesca, @ fat. @ ek for Chet oF © 6 eeperted ste Ge Arcte Geese” Get geting ooo of 
the “ere 68 soemetheng het er can Gromedy em for & « sometbeng that seme of a8 CHP 
wort @ ttle bet towards bet te proces oH te ceca, | cegpect Bet there & sometiung oe 
eee fo that ee chowld Go hat ef need t Ge Thal «& t Geer te the forthers Chebctn Be 
need tw go farther oot Chee ee have © he Gerthers ( hebeln oe feed te meee Soot from the 
Rarree sents WY ee Ge cer work fale there. | Cheek we cee get @ good hendie of some of 
the sours thet ee Theme @e cor only Go by Geeng wot of the tee be fact. some oF the ahowerrs 
may te eeewered & ©e Geer eooheerd @ the forthere ( bebcin For example | feted thet one 
Petere that eax shown here (he teortheng steves the Bel ercate® atoet ehere Pape Sea 0 abies 
termes off 


Question (Kenney) Seren! the ( enadens Gung quae «@ bet of wort the commer © thew sector 
wed comshd yore sa) sommeth ng aihenet Oba” 


Geapeese (Aagaerd: There hove been several Canadien efforts One of them ea related to we 
corcwlatrem aed we forte aoteng meuts They ao teally extended thew meracerements shegtetl) to 
make them overlap eft oars There 6 another pragrac on the ( anadian Beael ort where they are 
spec daily leeotong at more by@ragraph« end cheman! Gemds of prubiems Specdamily the 
(epadeens ere ket ong af promary pProdecteom and the meteral gecerreme of by@rcarhoms and 
thew seowrers The © @ Sregream thet & ree oot of TOR This wear wae thew fou fell pear end 
there © Got whoerij“ty a2 to whet oH happen neat year That program & rer oot of the 
Liepertonent of tadwr end ‘Sorthere Affars tet the @urt «© aeoteally hewng dome by the 
Liepertoment of Fieherwes aed Coreen: Stedes have heen combdacted as far as the US ( anadian 
hoendery amd they heave @ kot of enformanen om the Macthenow phere tts large eotuarene 
owouletee pels, | ceapect. ¢ lot of material cate shore There are some phyowel sours thet are 
be ong expired Pew frome monde beng ged (rom mm amerr eee mts 


Comment ( coney) There hove been @ lot of cerprices @ the TREIT AR Project And thers the 
emteresteng Cheng ahowt (he pregtet we peat stand By for surprises Abert the tome you theme 
you we got & Tigered oot of of 8 1/o 6 1)" peer of paper, somefedy eee comes ep end says 
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(Coemmeet (Newbery! i fo Gat | em geben 2 matele peteraey ohee | oa tology Bhoet Ge 
ace wootheoest of St Leerence llend Doe Sobel had cet’ Gat bowthend feeding Gocwrred 
*” Ge soulbeest pat of Ghew conge | focused @ om the Goreng See Actually. | Cheek 2S Gere 
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aituret the gumadtulety of gettung sateliae snformatem from Carat Pease and Bil Serunges Perv tay 
the Guadeotiage = that @s only he sortase cogpremeem & & poe te pel 8 buoy @ te 
optew” Seteliaes aren! lected by the bowndary tone 6§ Ghee amelie posite eos te prt 
niormaitiew® © to aeeh wlernatamal Cmperateam eth some gronp lube the Internatemal © hang 
Commenem Perhaps ef can grt permease tw oftam creme af uemateoe from that area Law 

| ean t2 touch of « foot that Brace Mate teoeghe ep f thet Doe Shells formate « 
really smevresteng and I beleewe 4 on a ee» Mowrseet of sommehwe need undependem con wemateam 
a a2 thetore @e ough! te grad « end ree oh @ 


Qeretios (Moliand: Vue mentamed that there @ @ kt ct gemegianttiom eheh Moves ap efity the 
(hebcte eed Ghat «@& cae form « fetewars ead March om the soothers. cr the forthere Rerwey 
& there ots Si ormeties® eth regard te the ees oF the Quanity & soepianito® thal Gove 
trou? of 8 Gren tie sf. Prog h demos oo Gees of comeeret @ase” Bhat manners 
Boek at Ceree Chreagh Guwmtutatrvely qpeab omg apratem!)s 


Geapenes (comes) | gues the shower to that weolves some enderstandag of short ere 
varcaPulety north south fhoe through the Berung Stracdt amd sariabulety om the souplanttom sewrve 
Fh rela ects of the fuorther® Hong we There) felt @ great deal teow nn abort + arecaibulety 
copleniion sewrce papwleteom om the northern Berung Sea tn the 19°90: the Japenese, af teow 
*” the reoords, see shoul & tee-yeer pereadawty oth & factor of show 2 changes @ Gorenn 
Sx ts of gmlanitom that euwhd essemteall) represcet the sowrce organems ft thunk that ff AK me 
Sageerd «© evlieng to tok show the seasone! and maybe shorter perend fluctuates of flee, you 
would ore that there & Quite a bu of nome showt O08 Sverdrup of flee fortheard through the 
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ISOTOPE STUDIES OF ARCTH ZOOFPLANATON 
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The Alaskan Beaufort Sea « cheracterwzed by 3 geographer gradeent m table carbon 
notepe abundances om zooplankton (Figure |) The relatewe abundances of the stable mosopes of 
carbon are comervatne om food webs and the detective motepe rates con be weed os tracers 
Withen a food web, there «= 3 small enrachment of the beaver motepe as carbon = passed uw 
the trophuc levels. These sloght enrachments are aho very woeful om Getermeneng the powton of 
an organem m the trophec scale. Organs from the eastern areas are Gepieted m ** relative 
to somilar zooplankton taaa m the western sectors. These zooplankton are emportant prey for 
the bowhead whale, Bularne miwtivtws, and thew motepec sagmals are retamed m teswes of the 
whales (sce Schell and Saupe, these proceedmngs) The relatsonmships between geographer gradients 
m del *'* sgooplankton teoman and trophx structure and om wnhderstanding prey -comswmer 
emtet ay tawotrs 


Stable lsotope Stedics 


Eatensive zooplanktom sampling was comducted along the Alaskan and Cana“ Beaufort 
Seas Gwring late summer and early fall of 1985-86 for both biomass and motop dever m mations 
Zooplankton from the northern Bermng and sowthern Chukchi Seas were collected om the swmmer 
and fall of 1987. Zooplankton for motope analysis were dried, grownd with CwO, combusted om 
evacuated quartz tubes, and the CO, cryogenically cleaned for analyses on a mass spectrometer 
The ** content of Beawfort zooplankton ecreased from east to west (Figure 2. see also Table 
1) Ewphausnds and copepods collected m September and October 1986 are depleted mth. '* m 
the eastern Alaska and western Canadian Beaufort Seas relative to those further west by a } ppe 
Gvterence. Berung Sea sooplankton, m turn, are enriched m **C relative to all Beaufort Ses 
samples, comtenweng the trend towards mecreased ' m the sowthern and western areas of 
bow head range 


There 6 an apparent trophic enrichment between euphausinds and copepods of | ppt m del 
‘CC at all transects sampled im the Bering and Beaufort Seas. Enrichments m '*C, relative to 
copepods of other predatory of omnivorous zooplankton organisms such as chaetognaths, mysids, 
and amphipods are also evident mndicatong higher trophic status (mot shown) 


Composition of Zeoplankton Biomass 


Taxonomic determinations on zooplankton collected in October 1986 on the USCGS 
webreaker Polar Siar showed that near Pot Barrow the euphausid contribution to the total 
bomass was much greater than near the Canadian border Copepeods offehore of Barrow 
contributed jess than 2% of the biomass. At transects im the central Alaskan Beaufort Sea. 
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Table |. Carbon setepe coties of cophewsitds ced copepods te 1985-86 slong the 
migratory roete of Bo my wertn 
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figure |. Carbon teotepe ratios for Figure 2. Mean carbon lsotepe ratios ie 
copepods, cNsetogeaths, end hyperid copepod and euphauwsied samples Al! 
amphipeds from the Alashen end Beaefort eumber are from late semmer 
Canadien Beeefort Sea. Date west of earty fall 1986. Bering eumbers ore 
14) trom Denton (1985S). Other date ore from late epring 1987. The total ewmber 
from this stedy of samples averaged for each poiet ix 


bieted went te the symbol, 


eumhouwsnds were stell a major fraction of total but the copeped fraction of the biomass had 
pacreased Near Canada, euphausiuds were minor contributors to the total biomass and copepod 
mmportance had mcreased dramatically The changing wmportance of these zooplankton to the 
total bromass of major prey species & shown im Figure 3a For comparison we also show the 
homens estemates of the same sooplankton groups from the western Canadian Beaufort Sea 
(Fepere 3b) As m the eastern Alaskan Beaufort Sea. copepods dominate the biomass The 
wmlarty between zooplankton compositions in 1985 and 1986 im eastern Alaska Beaufort Sea 
samples omplees persestemce om these patterns 


Weighted leotepe Treads 


The marked changes im tana and isotope abundances of these prey organims can be 
combined to show the greater geographical gradient m total prey ' that would be conswmed 
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Figere Ja. Prepertions! Homass of major bewhead prey organioms scress 
the Alaskan Beaefort Sea 


Figure 3b. Prepertions! biomass of major bowhead prey orgenioms from the 
eastern Alaskan Beaufort Sea aad the westere Canadian Beaufort Sea 
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by 2 feedeng bowbhrad whale Wegtard Sef *X 


values were calowlated for the Gifferem regeem of -o. ss 

the Beaufort Sea baw’ of the relates shendanoes a! Af _ 
ef Copepeds. cuphiausends myseds, and sep h ged: ef NS ougns 
Although soft-boded orgenem weh a gr A . 
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promewnced geographa: gradeeat m prey ‘** 


bow head ehale tesswet as they feed through thew feed ecsilebie to btecbess whales 
oreas The shape of the eeughted def *% curve migrating through the Alesha Beasfort 
oul change euth changeng teoman fractoms of the Sen ont eros Gel * rotten of 
prey specees The motege rates of sooplankton € pepeds and cuphawviids 

along the mroratory route of B miwiwetus Chovely 

match the .ctepec rate oscellatiom found om the beratemows tesswes of thee baleen pletes & hac? 


sliows estumates of the enpestance of each of these areas to feeding howhead @ hales 
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The comtenental shelf of the Chutch: Sea Giffers from the “normative shelf” m beg 
relatreety wade, haveng seasonal eee we cover and 3 somewhat more sheltered regeme than the 
open eoran By compernon to the Chubchi. the Beaufort Sea shelf 6 narrower and has much 
longer yearly me cower 


Several maps are avadatie to Gepat the spatial detributrom pattierm of gram wees of 
scwrfsceal sedements of the Alashan arcts contenemtal shelwes The base of the sedement teatural 
nomenctature m & recent map (Nasde 1987) (Pepere |) @as 3 treangelar Giagram (Faure 2) 
Severed by Fotis (1954, 1968) The map deveed by Nande oan generated by collateng Gata from 
2.314 gramwhometric analyses and Gepects the varcateom: of sedement classes and sorteng vabues 


The tatter sedement map Mustrates that all sedemen: types, except the sand clas, occur 
the Alaskan arcte shelves. Nowewer, there « comsederable spatal varsation m sedement types in 
fact, the patchy nature of sedement dutribution « comudered quite typical for the arctx 
shelves. The entere continental shelf region « non-graded, masmuch as there & fo progressive 
decrease im overall partule ize fom the coast to the shelf edge (Figure 3) In the Beaufort and 
Chukchi Seas, the seduments are generally poorly to extremely poorly sorted. The mner shelf of 
the Beaufort Sea has sand md of muddy sand, whereas the middle shelf «& dominated by 
gravelly mud of sandy mod ard the owter shelf by mud By comparison, the mner shelf of the 
Chukoh: Sea, the Bering “. a and vecemety, and the shoals are carpeted by relatively coarser 
material (¢ g muddy gravel, gravelly muddy sand or sand) Acoust records m the vicmuty of Pt 
Barrow, northeast Chukchi Sea, prowide evidence of the presence at the shelf surface of highly 
dipping rock owtcrops. The rest of the Chukchi Sea «& predommantly constituted of gravelly mut, 
sandy mud, and mud 


Factor analyses of granwiometrec data has been conducted to explam the evolutm. o the 


(relatwwely wide shelf, we cover and occasional storm surges), current regime, and compiles 
Plemtocene tramagressive-regressive hestory The general sedument patchoness « presumably a 
rewh of imtense but haphazard reworking of the sea bottom by Ke gouging and erratic 
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Figure 2. Classification of sodiments 
acoording te Folk (1954). 
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Although stedes of the bento: north of the Bereng Street qpen orarly WO years, few of 
these omeentagateam sere Quantsatrvel) oremed The mont comprehemsrve studers eere Comductr! 
bh & © Stoker, eho examened the Gutributeonal, thomas, trapha and product ay aapects of 
the bottom fauna (premardly wefauns) of the castera Chubcts See teteeen 1970 and 1974 He 
Gata and emaghtfel conclussom serve wm a framewort for underwiandag the bentha system of 
these eaters Swteeguent to Stoker's mvestigateoms of sunal and ep sunal studers ere endiaio’d 
ty Feder for the “ateomnal OQorana and Atmoapherx Admunetratem Outer ( ontenental Shelf 
tov wonmental Assesoment Program (WOAA OO SEAP) from the Bereng Soraat to Pou Hope and 
extemdong onto Rotzetwe Sound The onfaunal studers temporarsddy expanded Ssober's earlier 
Quantitatrewe wort ehule the ep aunal (trae!) emvestagation represents the only Quantutat::¢ 
seceement of the segment of the benthes More recently, ] M Grebmewr. worheng oath the 
heathe component of an Nateonal Scuemce Foundation (NS) progect (TRMTAR) studded how 
‘oF eows fe erommenta! parameters enfluence benthe structure and Beomass om euther sede wif 
frontal system between tee eater masses (the Bereng Shelf Anmadyt Water and the Alaska Coastal 
Water) Although her work eas premarily conducted m the northeastern Bering Sea. the occupied 
statroms om the sowtheastern Chubch: Sea a far north a Cape L eberne 


Teo years ago a NOAA-spomored mvestigation was mitiated by the Institute of Marine 
Sceence to further examune the benthe system of the Chuwkcty Sea cant of the International 
Datelune from the Bering Stra to the waters north of Port Barrow (72° north latitude) The 
mvetiogation was ometsally Greeded spatially eto two swhetudsees The first ena...ced the area 
north of Pomt Hope and the second examined the regron extending from the Bering Strant to 
Pout HMepe and mmte Kotzebwe Sownd (Figure |) Although the two subetudies are currently 
pursued somewhat undependently of each other, wltemately, all data wll be mtegrated om order to 
exaomene the benthe system of the entire study area hk & the muitial data from these two 
mvestogations that well be treated here 


Most of ‘se analyses to date have been acoomplihed weuth Gata collected from nor. of 
Pount Hope The data analyzed commuted of tason abundance and biomass of organimms collect d 
with @ Van Veen benthic grab. The domimant organiems: m both regions are polychactow 


watons occupied wmterns of abundance of tana in Common) from the region north of Pout Hope 

: Gd not jor any group (Figure 2) The 

results of a proncipal coordimate analysis (a procedure that & useful for imterpretation of cluster 
showed 
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Pigere 1. Beathic stations cocepied te the Figere 2 Distribetioe of macref senel 
Chebeti See from Bering Strelt te Groups based of s hierarchical chester 
Polet Barrow te October 1906 onal ysrs 


The fawna north of Pout Hape to Pout Barroe wares om shwndaence and tvoman (gC mm’) 
by regromn Mighest abundance values acowr premarily close to the coast north of icy Cape (fF pure 
6) with organmms dominated by barnacies and tube Geelhung ampelmn nd ampheneds High heommass 
values are paertiwlarly obvious af coastal and offshore station a and north of "I" north 
lateeude (Fegure 7) Ampelmnced amphqods, a mayor food resowrce of gray whales, represent a 
dominant component of the fauna at coastal statroms pust morth of ky Cape extemdeng north of 
Pount Frankion (Figure 8) The letter region has been wlemtified a: an area where these © holes 


tend to Comgregate 


Grebmevr, m her wore on the benthes m the northeastern Bering and southeastern 
Chukot: Sea, demonstrated that benthi teomass (gC /m’*) was significantly higher to the west of 
an coranie front between the Bering/Anmadyr and the Alaska Coastal Water (Figure 9) The 
Berong Anmadyr Water has been demonstrated to be highly productive, and she suggests that the 
high promary production of the eater produces a persistent and carbon rch food supply to the 
benthes. "hie frontal system (delineated by bottom salinity warying from 32.4-32 7 0/00) has non 
been weniified within the northern Chuetcti Sea, although the northeard flee of the mined 
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Figere } Primcepel coordinate emalysis Piet of loadings of coordinate anes one ond toe 


Anmadyr Bering water, after @ passes through the Bering Strat (noe called Bering Water by | 
Coachman, & Am ‘ end BR Trepp), hes been traced a 4 moves Hortheard toward Pour 
Barrow Prelemonary uvalyes of Gata by © Johnson suggests that the water mass approaches “he 
Alaska coast just worth of icy Cape (Figure 10) The highest Qeomass values recorded m the 
presemt study ocowr approsemately north and northeest of the 124000 mohalene (103 gC m’ 
north of the “Tront”, 6.5 gC ‘@* sowth of the “Tromt") (Figure 7) Wt is tentatively suggested ther 
the carhon rach waters sented om the southeastern Chukct: Sea (1 e the mened Anadyr Bering 
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comdvteoms and numerows Gead Tanner crah (C teememeccics opelen) have heen osers: dw athen 
Kotzebue Sownd Nevertheless, & & apperent that there are regeome o@ and adyacent to the Sownd 
thet ere organwelly eoruhed,. oon, ond faunmiwall) rook The locaton: of thew areas are 
suggested emderectly Py the regemal meorease op abhendanme of the ep dl aenal predaters «4 
wienent-deeliing founa Speci wally, the see star, 4urrs emuremw: and the orate, C ap 
(the Tanner crab) and Mra, «marctatw: Gomunate om outer Kotzebue Sownd mm eaters emmediarel) 
owtiehe the Sowmd (Fegere 11) AGdrteomal anecees Gomunant om the study area appear to ret le 1 
avavlatuiety of partnwlate erganw reseltong from coastal turbeleme (the hasket star 
Cor gonece phallus cary) of trom Then to the bottom from the owerlyeng Bering Anmady, Water (the 
large wheth Seprunce heres, the predatory sea star Leprawerias polaris acervata) (F ure 12) 


In comebusron the studees reported here have expanded ow understanding of the hemthos of 
the eastern Chwhoh) See as far north a: Pout Barrow tn pertiowler, they have suggested that « 
porton of the carbon rich Bereng/ Anadyr Water floes well showe 71° north latwude ang that the 
hogh standeng stacks of hemthn organmms om these northern eaters represent a reaponse to the 
Twn of some of thie carbon to the bottom Further, the eneapected presence of high standing 
stacks of some benthu apeces (¢ g polychaete worms and amphwpods) mm these northern eaters 
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success of the sememer feedeng populates of Peter 

eealrus and gray @hales alone the Alaska coast 

rowth of 71° lanetede Lb acalzed como@mtr at roms 

| epefawnal predators on and adjacent to Kotzebue ound suggest the presence of Dogh standing 
vents of fond hemthos that eowld sso he avaviatte to the papwlatmeons of hortom feedeng marine 
mamma's of this Fegeom 
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Sigure 11. Distribution and wet weight biomass of the sea star Ameria: amurensis 
from the southeastern Chukchi Sea and Kotzebue Sound in September -October 1976. 
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Figure 12. Distribution and wet weight 


of 
acervaia from the southeastern Chukchi Sea and Kotzebue Sound in September - 
October 1976. 


QUESTIONS AND DISCUSSION: Arctic Information Update Session 


Question (Newbury): A question for Susan Saupe. Is there an alternative explanation for why the 
C13/C12 ratio may work? Again, | want to repeat, I'm impressed by your data but I think it 
needs confirmation by some other method. | think it is open to other explanations. 


(Referring to slides) If the bowheads feed very infrequently during the summer feedings, where 
this i: the amount of carbon coming in, and during the winter, there is essentially no carbon 
input, and the baleen is formed from body carbon plus food carbon where the amount coming 
from the body carbon is X and the amount coming from the food carbon is Y, you then get a 
pattern in baleen of X broken by X + Y, then X, then X + Y, it would produce a patiern in the 
baleen. Yet there is no assumption of winter feeding there. I don't believe that, but I think it 
could explain the pattern. It may be a combination, it may be somewhere between thai and what 
you're presenting. In other words, let's say a quarter of the carbon comes from fali feeding. 


Response (Saupe): Just one point that | want to make. On some of the oscillations, we do see a 
double peak. We do attribute this small lightening again, we see a depletion in carbon isotope 
values, then a small lightening, then a continued depletion. If the bowhead is making his baleen 
from body carbon it’s going to be mobilized in lipids from its blubber. Lipids are quite a bit 
isotopically lighter than baleen or muscle tissue. So we believe those small peaks that we see 
are the mobilization of body carbon. But the heavy depletions that we do see we believe were 
from winter feeding. 


Comment (Schell): The major problem is oscillation on the animal living all winter is: If he ate 
all this food in the summer, then his average body composition would not change. So, you 
wouldn't expect to see the amount of oscillation in isotopic content, because you are what you 
eat. If you've got it all from the eastern Beaufort Sea, you're going to have that signal year 
round. 


The second piece of evidence is that if you take LGL's calculations of energetics, it would take 
a substantial amount of his body lipid supply to carry him ove, the winter and we don't see 
whales on the Nutrisystem. Unlike gray whales, which go north, and the Eskimo whalers will tell 
you, you can count the ribs when they get there. Bowheads morphologically are no different in 
spring than in the winter, which implies they are keeping themselves fed year-round. Although 
we do see a small peak in some winters, in some whales, that could result from mobilization of 
light liped that was laid down the previous summer, that is typically a very small peak. Secondly, 
on most of the large whales you don't really see much of it at all. Once again the other thing, 
the final piece of information is that the larger the whale, the isotopically heavier it becomes. 
It becomes looking more and more like a western and southern Arctic range isotopic signal. So 
even the oscillations are damped and act like it would be actually the other way around. The 
animal is drawing on reserves. He may be drawing on winter feeding to carry him through the 
summer, 


Question (Fishman): Susan, on some of your slides, the eastern most station, the isotopic ratio 
curve dropped again. Was that station east of Mackenzie? How would you explain that? 


Response (Saupe): That was kind of an average sample from the westerr Canadian, some were 


right off the Mackenzie Delta, some were off the Yukon coast. There is too little data to see a 
significant difference with the standard deviations we have, so | don't know if that's real. 
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Question (Fishman): So those values weren't sigaificantly different from the next one west? 


Response (Saupe): No. And you would expect that if it is influence of Mackenzie water to sce 
the isotope ratios remain depleted for a ways east from the eastern Alaskan Beaufort. 


Question (Mate) 1 was rather surprised with all the discussion about all the zooplankton and 
where it is going and so forth. I put out essentially a straw man based on some datum and |! 
would like to have a comment as to whether you think this seems to hold together or whether 
it seems to be a reasonable story or what. | seemed to be biased when I listened to all that 
discussion this morning on where the zooplankton going, when it gets there, it seems to me 
that’s where it was going. If there are any comments, | would like to hear them now. 


Comment (Paine} A comment I felt would be appropriate this morning - there was some 
discussion, and I take ut that yesterday and the day before there was discussion, about brine 
generation off of the polynyi and in leads (maybe not im leads but m polynyi: along the coast) 
Neither Lon nor | had the opportunity to present the data here today. However, we just 
recently completed our final report for OCSEAP. In 1985, we did a study off Peard Bay 
(Chukchi). 'm bringing this up now because of the discussions that suggested that there is a lot 
of feeding going on in the bottom waters or the sediments along that area. We hypothesized 
based on some salinity data that Lon and John Valli collected in 1982 and 1984 and also based 
on Aagaard’s data and some other work, that if you had brine generation during a freezing 
process in a lead and you had an ou! spill im that lead, that the aromatic hydrocarbons present 
could dissolve mto that brine and then sink to the bottom and be advected along the bottom as 
a discrete bottom boundary layer. It has been demonstrated that you have bottom bowndary 
layers of dense brine in a lot of these areas and they are fairly stable and exist. So, Lon 
Hachmernster and | did some model studies, first m tanks, to show that thi process could at 
least be modeled and that the flow would go as we predicted. Then we went out imto the 
Chukchi in March 1985 and did a field study where we released a 38 liter cocktail of aromatic 
hydrocarbons ito a refreezing jead, tagged that with acoustic seabed bottom drifters, and then 
measured waters samples in downcurrent areas from these areas. We did, mm fact, determine that 
we could document the dissolution and transport of aromatics in these bottom waters. | bring 
that up today because of the feeding im the sediments im these areas and i 6 a mechanism that 
heretofore we hadn't considered for getting these materials down there where they can persist 
over time. Normally in open ocean oi spills or im we covered waters, the tox fractions are 
lumited to the upper mixed layer where they are removed by advection processes 
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POPULATION GENETIC STRUCTURE OF ARCTIC CHAR FROM RIVERS 
OF THE NORTH SLOPE OF ALASKA 


Rebecca Everett 

US. Fish and Wildlife Service 
1011 East Tudor Road 
Anchorage, Alaska 99508 


Potential problems with oi! and gas development im the Beaufort Sea area include the 
effects of offshore construction of causeways and other structures on anadromous species such 
as arctic char (Saleclinus alpinus). By studying the amount and pattern of genetic variation im 
the populations while they are associated with thew natal draimages, we can make inferences 
about the evolutionary history of northern arctic char, and predict their ability to respond to 
changing environmental conditions. 


Electrophoretic detection of protem variation makes m possible to discrumimate among 
stocks using quantifiable characters having a genetic basis. This proven method requires a 
relatively small sample of fish from different populations for baseline data Further, 
electrophoretically distinguishable characters have generally proven to be stable characteristics 
of fish stocks that have been studied. If the species of concern has a switable stock structure, 
biochemical genetics methods can be used to estimate the percent composition of various stocks 
represented in samples from mised aggregations. 


The objectives of thes project are to 


e Characterize the amount and pattern of genetic sariation m populations of anadromous 
arctic char from mayor drammages of the North Slope of Alaska 


e Determine whether the population structure of North Slope char is such that genetic 
stock identification of mixed populations collected from offshore waters would be 
possible. 


e Describe how a sampling program would be designed to use genetic stock sentif ication 
to determine which stocks would be affected by specific development projects 


Samples from fifteen populations of juvenile arctic char were collected from ten tributaries 
to the Beaufort Sea. We used horizontal starch-gel electrophoresis to identify protein products 
of forty-one loci coding for twenty enzymes im thiee tissues. We measured the amount of 
variation, the pattern of variation (genotypic distribution) within population samples, the 
similarity between populations, thei heterogeneity, and the degree of gene diversity among 
groups. 


Northern Alaska arctic char have more genetic variation than might be expected given the 
relatively marrow range of waters they inhabit and the harsh environmental conditions. With an 
average heterozygosity per locus of 5.1%, they are typical of fish species im general, at the 
upper end of the range observed in other salmonid fishes; and higher than most other arctic 
char populations that have been studied. 
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The genetsc sdentities among North Slope arctsc char populations are high (> 987), 
indicating fairly recent common ancestry. High similarity valucs do not imply lack of signefscamt 
differences between populations. Heterogeneity tests mdicate the ditenctness of the populations 
and the compleany of the relationships between them. Almowt all North Slope arctic char 
populations are significantly genetically distinct from each other, Thus, fish from different 
draimages are not frecly mterbreeding, and are most likely true to thew spawning streams. There 
nm no semple correlation between genetic relationships and geographical proxsmmity 


it is not possible to determine the underlying cause of the obverved relationships among 
North Slope arctic char populations from protem studies. Selectson, migration, mutation, 
behavioral molatsom, founder effects, random genetic drift (chance changes due to small 
populations size) and combinations of these and other forces may all contribute 


North Slope arctsc char do not have the magnitude of difference between groups exhibited 
by the non-migratory char of aorthern Lurope. They do, however. compare with the population 
structure of anadromous Pacific salmon. Ths « relevant because penets stock went ication 
methods have been successfully appled to these salmonids, and can apparently be applied to 
North Slope arctsc chav. 


To do genetic stock sentification there must be sufficrent detectable genetic variation 
between populations of diff*sent mayor dramages, combined with a low within-group variabelity 
owr data mdicate that North Slope char have a relatively large amownt of genetic variation. 
there are significant differences among popwlatioms, and the obverved variation 6 partitioned 
swoh that there ss as much difference between char from different dramages as there ss among 
populations of sockeye (Oncerhinchus mrka) and chum salmon (Oncerhincius Acta) where 
penmetsc stock identification has been used successfully. As such, we can anticipate successful 
application of thes technique to the identification of char at specific of fshore sites 


MANAGEMENT IMPLICATIONS 


We have determined that North Slope arctic char have a relatively large amount of genet 
variation, and that populations are genetically distinct from each other. From this we know that 
different stocks are currently reproductively wolated from each other. Sunce they do mua to 
some whknown degree in feeding areas, the differences that have been establihed between 
stocks are mamtamed by homing behavior. Populations of each draimage are probably discrete, 
locally adapted wits. It m not clear at this tome how fon-migratory forms are related to 
anadromous stocks. 


It is unlikely that loss of any one stock would be mitigated by substitution of another 
While the actual locs we have studied may be selectively newtral, underlying variation that 
marked by these loci may be highly selected for in different environments, corresponding 
generally to different draimages. As such, arctic char stocks of the North Slope showld be 
managed as individual, unique gene pools. 


Further work is needed to understand the relationships among populations. To get a 
complete picture of the resource, we should consider deliberately sampling resident populations 
it i important that we identify and sample additional populations making major contributions to 
the Beaufort Sea admixture, as it is an important assumption of the Genetic Stock Identification 
(GSI) model that all major contributors to a mixed stock be represented in the baseline. It is 
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also important to understand that genetic stock identification estemates the percent composition 
at only ome Point im space and time 


Distribution of offshore stocks of fuh o related to environmental conditions which are 
highly variable from year to year. Also, arctxe char are highly mobile im offshore areas, so 
estimates should be made of stock composition at several times during the short summer feeding 
season. It must be realized that there will be considerable variation, regardless of study method 
used, between data from different years and different areas and at different times during the 
season. This means that stock identification must be done on a site-specific bass, with repeated 
sampling dGurimg the summer, and that data from more than one year will be required to 
establish the pattern of use by the fish 


REFERENCE 


Everett, R. J. and R. L. Wilmot 1987. Population genetic structure of arct char (salve 
alpinus) from rivers of the north slope of Alaska. Fenal Report for MMS and NOAA. 49 p 


195 


environmental fluctuations, particularly of water temperature Oceanographic respomses to 


warmeng of the coastal jet, both of which vary widely between years. In environmentally cold 
years, the pelagxe food web « whoowpled, and energy flow to higher trophu level a 
mmterrupted, while s@ warm years, the community flouwrmhes Among the prominent nearshore 
rooplankters are the emall copepods Puwuwdecelems spp. and Acertia spp... Cladoceram Poder wp 
and fradac spp. and meroplankton. Thew predators are promarily the medusan Aglanthe diguale. 
chaetognath Sagitte elegans, and planktivorows fishes, particularly young age clawes of sand 
lance (Amumadyies he xapterus), capelen (Mallets willows), saffron cod (Liege greciiis), and 
arctse cod (Boreogadus senda) These fishes support large colonies of breeding seaturds m the 
eastern Chukchi Sea 


One species of seabird, the Diack-legged hittihwake (Risse tridactyla), & very seneitive to 
changes m prey avaslabelty Adults are premarily pisciworows, feeding on a variety of young age- 
classes of pelagic fishes during the breeding season. Over the past decade, kittiwake 


The biology of sand lance and thew zooplankton prey are ender the influem water 
temperature. In most years, both are more abundant im late summer, following the « “ming 
than . 
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Contrasteng with thes highly seasonal, warm 
coastal ecosystem slong the coast of the eawtern 
Chubct: Sea, «@ the corann-based eomystem m the 
weet, The flow of Amadyr Water creates 3 plume of 
erxcept.omally hugh phytoplanitem and zouplankton 
bvomass on the shallow shelf of the Chukch: Sea. 
the effects of which on arctee food webs are not 
well known Mech of the tiomas of ovrann 
vooplankion con sts of large calame:nd copepads 
(Fepure 3), emchuding Neewelonus crivictus ond 
pluechres, and euphausds, ehach are the mayor 
prey of the emmemse numbers of planktivorows heat 
awhlets (A4etheg passilla) and crested awhlets (4 
cvtatella) a eland breeding cofomes m the 
Rerumg Strada region, the western Chukchi, «here 
the bulk of Amadyt Wate: flows, «= an enpertant 
feedone area om fall for awhlets, and « protelly 
rmportamt swumumer-lome for mom Preedong aublets 
and other planktrvorous burds 
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QUESTIONS AND DISCUSSION: Arctic Information Update Session 


Question (Mate) Have you considered isotopic analysis for bird flesh and the areas where the 
birds forage? in particular, auklets? Do you think you might find signatures? 


Response (Springer): Yes anc no. | haven't done any isotopic analysis on pelagic birds. At tha 
point, only very general sorts of patterns exist between the southern Bering Sea and the 
northern Bering Sea. We haven't really fine tuned it. 


Comment (Hameedi) | have an observation on some of the data that Alan showed on the small 
copepods, Acartia and the Pscudocelanus, where the population goes up very markedly im the 
later part of summer. The reproductive strategies of these animals are such that they have to 
eat before they can reproduce. If there .s a fair amount of food available it then reflects it the 
size of the next generation, the amount of eggs produced, and the amownt of larvae, and so on. 
What is not quite clear from the data that Alan showed is how much of the small zooplankton 
(i.e. Acartia, Pseudocalanus) may have been advected on the eastern side of the Bering Stra‘: 
How much of that biomass could have been the result of mm situ generation of new animal tissue. 
Have you looked at the nauplii and copepodite stage distributions of these? That would be one 
way to determine whether the production s occurring right there or it's bemg advected. 


Response (Springer); We got out of having to do that as a matter of sort of fortune and 
misfortune. You have to fish very small mesh net to catch eggs and naupliu because Aceriia and 
Pseudocalanus are very small. We didn't fish such a small net. We were looking at adults as 
turned out. So, we don't have the ability to reconstruct that data. But sampling ‘te copepodites 
and nauplii would be very valuable. You mentioned that relative contribution of advection and im 
situ production im terms of the biomass, and that you can see mt any place along that whole 
coast. This is subject to a lot of imterpretation and unknown sort of questions. They both 
probably play important roles in detert ining any population size during the summer up there. A 
lot of that originates in Norton Sound, and we've been trying to do some zooplankton work 
associated with the studies we've been doing at Cape Thompson or at Cape Lisburne in Norton 
Sound. Presently, all the data are not analyred, but it’s im the mill. 


Comment (Hameedi): Most of the sampling gear you used perhaps captured the larger forms. I'm 
wondering what sort of mesh size you used, because it tends to overplay the size of the larger 
copepods on the general ecosystem and the nutritional relationships. 


Response (Springer): In the coastal zone, we sampled with smaller mesh nets (333 microns). In 
the rest of the domain, we sampled with $05 micron mesh screens. Again, because we had a 
variety of reasons for selecting these things. One is we were bootlegging the project. It wasn't 
a zooplankton component of any study and so we had to do it as best we could and the other 
part of it was to try and separate out what we thought to be immediately most important to the 
Dlanktivores, i.e. those large sizes of animals. It hampers your ability to imterpret observations 
between years and differences in distributions if you don't know sort of what the lesser age 
classes, the younger stages are doing, from one season to the next. We missed young age classes 
of all of these guys in both our sampling regimes, with both sizes of nets because they are 
proportionally larger and smatier. 


Comment (Hameedi) I'm used to zooplankton samples collect. | with a 110 micron net. We had a 
very extensive coliection of zooplankton from the Washington-Oregon Coast, over years 
duration. There also you have Calanus plumchrus and Calanus crisiatus. U's the whole idea about 
suppression of the spring bloom. You do some computer simulations on the data and then 
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y do 
very hard to evaluate what the In:ger zooplankton resily are Gowmg im terms of suppressing the 
bloom, becoming available to coher animals for food and se on. It's mot a criticism. 


Response (Springer): No, no it's a problem. We've tried to begin to deal with some of that this 
last summer im the sampling program that we did on IS:ITAR where we nested a 202 micron net 
msde a 505 micron net so that we could get the smailer organisms to see how that was related 
to the divtribution of the larger and older zooplank.on, and then variability. We haven't been 
able to get that all completed. We've begun to address that and we tried to couple that sampling 
scheme with zooplankton to get variows size classes of plankton with fractionating the 
phytoplankton to lowk at Cl4 rates of carbon uptake. We fractionated the phytoplankion imto 
two size classes. First we looked at the whole sample to determine the gross carbon fixation 
rates of the phytoplankton im this region. We also looked at the less than 10 micro size fraction 
which consisted of very small diatoms, and flagellates m particular, presumably works imto 
heterotrophic loop and becomes food for a lot of these naupln and copepodites, the small 
cvlhiates and whtumately small zooplankton 


ENDICOTT DEVELOPMENT AND ENVIRONMENTAL MONITORING PROGRAM 
AND INDUSTRY PERSPECTIVE 


P.O. Box 196612 
Anchorage, Alaska 99503-6612 


Eight companies (Amoco Production Company, ARCO Alaska, Inc, Cook Inlet Region Inc, 
Doyon Limited; Exxon Corporation, Nana Development Company, Standard Alaska Production 
Company, and Union Oil Company of California) are in the process of developing the Endicott 
hydrocarl.a reservoir. This joint venture has been named the Endicott Development Project and 
is the first offshore oi development im the Alaskan Beaufort Sea. Standard Alaska Production 
Company (SAPC) is the designated “Operator” of the venture. 


The development consists of facilities designed to ee aoe as at oe 
Reservoir, separate the oil, gas and water, and transport the oi] to Pump Station #1 of the 
Trans-Alaska Pipeline located near Prudhoe Bay. Construction of the Endicott Project began in 
early 1985. Drilling of the proposed 100 wells began in April 1986, and the first oi produced in 
October 1987. The Endicott Reservow i estemated to produce approximately 100,000 barrels/day 
of oil, and 200 million cubic ft/day of natural gas. Currently, natural gas, with the exception of 
that used for fuel, is being reinjected imto the Endicott Reservow as part of the reservoir 
pressure mat tenance program 


Total reserves in the Endicott Reservow are estimated at | billion barrels of oi im place, 
with 350 million barrels of that estumated as recoverable by current technology. The field also 
contains approsimately 1.3 trillion cubic ft of gas im place, of this i is estimated that 690 
billion cubic ft of gas is recoverable with current technology. At this time, there are no 
immediate plans for gas sales. 


The project area is located on the North Slope of Alaska about 15 miles east of Prudhoe 
Bay (Figure 1). Project facilities are located approximately 2.5 miles off the coast of the 
Sagavanirktos (Sag) River Delta, shoreward of the barrier islands, in water depths up to 14 ft. 
The development ‘ncludes two man-made gravel islands: a main production and a satellite drilling 
island built im state waters of the Beaufort Sea. The gravel islands provide stable surfaces for 
drilling and production systems, the base operations center, drilling camps and other facilities. 


Included i a three-mile solid-fill inter-island causeway connecting the two artificial 
islands. The inter-island causeway provides vehicle access between the islands. In addition, 
several pipelines are carried on pipe supports. A second 1.9-mile causeway extends from the 
outer shore of the Sag Delta to the inter-island causeway. This causeway provides year-round 
vehicle access from the mainland and continues the support of the sales oi! line on its route to 
the Trans-Alaska Pipeline System (TAPS). Two permanent breaches are installed in this 
causeway. A 500 ft breach positioned to encompass a channel-like feature is located 
approximately 1500 ft from shore. 
offshore nearer the junction of the 
of the causeway system referred to as the onshore approach is about |.5-miles in length and 
extends from the southern end of the breached causeway across the Sag Delta shoreline to the 
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Figure 1. Endicott Development. 


Sag Delta uplands. The approach connects the causeway system with a 10-mile gravel access road 
that extends through the Sag Delta to the Prudhoe Bay vicimity. 


The 26-mile long sales oi! pipeline was constructed during the early winter months of 1987. 
The above grownd line extends from the Main Production Island to Pump Station #1 of TAPS. 
There are three caribou crossings located along the 10-mile onshore portion of the line which 
runs parallel with the Endicott onshore road. The line shares existing pipe support space with 
the Prudhoe Bay and Lisburne wnits for the remaining distance to pump Station #1! of TAPS. An 
Endicott sales gas line if constructed would be placer) on the same pipe supports as the Endicott 
sales oil line. 


The Endicott Development Project received the US. Army Corps of Engineers (COE) 
Section 404 and 10 permits in spring of 1985 after a 3-year permitting effort and a 1250 page 
Environmental impact Statement were developed. A number of environmental mitigative measures 
were attached as stipulations to this permit. These measures required actions such as: design and 
constuction of 700 ft of breaching for fish passage, establishment of air traffic corridors and 
surface traffic control plans for the summer season, caribou ramps for the onshore sections of 
the pipeline and environmental monitoring requirements. The environmental monitoring programs 
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Pope. Endicott Development and Environmenial Monitoring Program 


associated with the Endicott Development have totaled over $5 million per year, with the COE 
stipulated Endicotut Environmental Monitoring Program averaging over $3.2 million per year in 
direct contract value. 


The COE stipulated Endicott Environmental Monitoring Program is stipulated for the life of 
the Endicott field and includes a 7-year fish program. The direction of the program is the 
responsibility of the COE District Engineer, with assistance from a technical committee made up 
of one representative from the US. Fish and Wildlife Service, National Marine Fisheries Service, 
Environmental Protection Agency, Alaska Department of Fish and Game, the North Slope Borough 
and Standard Alaska Production Company. The overall scope of the monitoring program is to 
determine the effects of the Endicott Development on aquatic and terrestrial environments in 
the central nearshore Beaufort Sea, including the Sagavanirktok River Delta. The monitoring 
program consists of two maim components: |) marine, and 2) terrestrial. 


The marine component is divided into biological and physical programs. The biological 
programs involve regional and local fish distributron and abundance studies, and examination of 
fish overwintering in the Sagavanirktok River Delta. Arctic cisco are the focus of fish research 
because of their importance to local subsistence and commercial fisheries. Other species under 
scrutiny imclude arctic char, broad whitefish, and least cisco. The physical programs include 
studies of regional and local oceanography, river discharge, sedimentation/erosion, meteorology, 
and ice breakup/freezeup and are intended to provide data to support the fish studies. 


The terrestrial program is directed to evaluating the response of caribou and snow geese to 
the Endicott Development. Specifically, the effectiveness of caribou ramps is being assessed and 
show geese behavior, population success and habitat are being monitored. 


Monitoring of the terrestrial environment and marine physical ond biological environment 
began in 1985 with the initiation of construction of the Endicott causeway. The monitoring 
program just completed the third summer field season. Results of monitoring studies conducted in 
1985 and 1986 indicate that there have been no biologically significant impacts to the marine or 
terrestrial ecosystems within the program study area. Minor changes im nearshore water quality 
have occurred, however, these changes are considered of short duration and within the range of 
natural variation. The program results have not indicated any detrimental impacts to regional 
distribution, migration patterns, reproductive success, population size, productivity, or other 
biologically important characteristics of anadromous fish populations in the area either directly 
or indirectly influenced by the Endicott causeway. 


INTRODUCTION 


A comprehensive imvestigation of the Stefamsson Sound physical environment was 
undertaken by the Endicott Environmental Monitoring Program to study those are 
impacted by construction of the Endicott Development Project. Field 
during the open water seasons of 1985 and 1986 to collect data : 
oceanography, sea ice breakup and freezeup, river discharge, and sedimentation and erosion. The 
ovjective of these studies was to develop and refine the existing wnderstanding of physical 
processes and water property distributions im a region of Stefansson Sownd extending between 
Gwydyr Bay im the west and Foggy island Bay m the east. This discussion summarizes the 
findings of the physical processes portion of the Endicott Monitoring Program 


Envircamental Setting 


k 
i 


Meteorological conditions along the Alashan Beaufort Sea coast are a major controllong 
factor im determining the physical environment of Stefansson Sound. Winds control the mixing 
and distribution of the physical properties through wind induced turbulence, water movement 
patierns, and upwelling «f offshore water types. The Gomemnant wind direction im the study ares 
during the open water season is east-northeasterly (winds coming from approximately 65° true) 
However, im some years the occurrence of west wind conditions are more frequent than normal 
and distributions of water properties have been observed to viry considerably im response to the 
different meteorological conditions. 


A continuous cover of sea ice typically dominates the surface of Stefansson Sound for nine 
months of the year. Spring breakup begins in the latter part of May and early June as the 
major rivers feeding into Stefansson Sownd flood and freshwater runs owt over the sea ice By 
the first week of July, the nearshore floating fast ice is typically gone and by the third week in 
July we free conditions occur throughout the study region. Freezewp normally begins im late 
September with the formation of shorefast ice. By the first week of October, coastal freezeup 
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Water Movement Patteras/Hydrographic Distributions 


The wind is the dominant driving force for water movement m the study region. This wind 
driven movement of water, however, tends to parallel the local bathymetric contours. Tidal 
current velocities are generally quite small except m the narrow channels between the nearshore 
barrier islands Gravitational flow imiiated near the river deltas typically adds only a small 
onshore or offshore component to the wind mwnduced flow. 


East winds (winds with an easterly component) occur over 60% of the time during the open 
water season. In response, water movement generally toward the west im both the nearshore 
and offshore environments. Reference to nearshore and offshore environments includes those 
waters landward and seaward of the 3} meter mobath, respectively. Less saline nearshore water 
also acquires an offshore velocity component from the wind dwe to the Ekman effect that ss 
added to its existing westward movement. As the nearshore water moves offshore it overrides 
the more marine offshore water and the marie water responds by acquiring a Compensating 
omshore velocity component. An estuarine type corculation pattiirn os established by thi process 
Under stronger east wind conditions, the onshore movement of deeper marine water becomes a 
high latitude, shallow water variant of the process known as coastal upwelling. Under these 
conditions the coastal zone becomes vertically stratified and there is considerable exchange of 
properties between the nearshore and offshore marime environments. 


West winds (winds with a westerly component) occur less than 30% of the time but are 
equally as important. Water movement under west winds s to the east. Nearshore surface water 
acquires an onshore velocity component from the west wind Ekman effect and offshore marine 
water « excluded from the nearshore environment. Whereas the cast winds bring offshore water 
and mutrients imto the nearshore and produce strong vertical stratification, the west winds tend 
to break down the stratification and vertically mia the nearshore and offshore waters to produce 
broad regions of relatively warm, low salinity water which are important to maimtaiming 
biologecal habitat. 
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area onchuded the 
wydyr Bay m the west to Foggy Island Bay mm the east and 
included Prudhoe Bay and the Sagavanirktok River delta (Figure |) 
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The major specees fownd m the area were arcte char (Seleelims: oelpimus), arctee cco 
Coregonus artedu), Yeast cxuco (Coregonus serdmelia), broad ehntefuh (Coregonus nas), 
fowrhorn sculpin (Vypexacephalus quadricorms), and arctsc cod (Borcogadus sande) Emphass was 
placed on the four anadromous species which are potentially more affected by the distribution of 
brackish water m the nearshore area 


TSULTS 
Movement Patterns 


The major anadromous fish movements m the study area during the open water season are 
the dispersals of fish from overwintering rivers im early summer inte summer feeding grownds, 
m respomse to changeng habitat Cunditroms, and returh movements snto 

overwintering areas m the late summer. In addition to these movements, there is the early 
summer on of mature arcte cisco from the central Beaufort Sea t) thei spawning 
grownds im the Mackenzie River, the midsummer spawning migration of mature arctic char into 
the spawning rivers, and the late summer migration of young arctic cisco from the Mackenzie 


Early season anadromous fish movements typically follow the coastline from the Colville, 
Kupervk, and Sagavanirktok Rivers in association with the warm (6-12°C), low salimity [0-5 parts 
per thousand (ppt)] water which originates from spring river rwnoff and which predominates the 
region. During this time, CS eaiiue ar Gn case tae a coe uae ee ie a 
pack and im areas where accumulations of ice occur. This cold water may restrict 
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Tigere |. Eadicott otedy areca. 


Mid season movement patierms are predominately driven by fish reapomse to raped changes 
m enveronmental charactermtis reswhtung from shifts om meteorologacal comdetroms During thes 
period, the mnfluemce of the river remot! demenmbhes rapedly and emtrussoms and upweellings of 
marene water become an emportant factor om the distribution and movement patterns of the 
anadromous specees Under east end conditiom, ehich predommate during the summer season. 
marine water upwells slong the west side of the Endiwott causeway that reselt im the imtrusion 
of high salinity water inshore, west of the causeway West of Wet Dock, marine eater mtrudes 
and sometemes Graplaces the brackish water om the east end of Sempson Lagoon During westerly 
wind conditiom, the high salinity water west of West Dock mtredes inte Predhoe Bay and at 
tomes reaches the western side of the Sagavanirhtok River delta 


These discomtinwities m the warm brackish coastal waters and the mtrusion of mar 
water ele large Changes the distribution of anadromous fish The fick rom 
marine water into the warmer, lower salinity regions of Simpson Lagoon, and the river Gelias 
Large arctxe char and most of the smaller char remain with the cooler brackwh water 


weth 
By the end of the summer feeding season, marine water begins to Gominate the region Fish 
movement back to overwintering ares. begin a: water temperatures Grop and salimity starts to 


212 


li 
Hn 
i 


if it 


hin | 


z HF 
hay 


te 


a ah 


Laity 
: 

ae 
ut pall 1 i Hi 


AHL 


HAE 


uy 


ree? MMS ~ arco Informatie Tremier Meco 


ond varcatie (ih Greerebetam patterns observed dur 


2 
| 
| 
3 
‘ 


SIreRENc ES 


Connon. T. 8 Adem, D Glass, and T Neteom 198" Fick Dictribetrom end Abwndance Chapter 
| ta Etndwott tavwronmental Montoring Servey, 1965 Report to Standard Alaska 
Production Co Anchorage Alaska 


Cannon, T andl Machmewter 196" 1985 I adwort Integration and Assesoment Report Prepared 
for the Army Corpse or Engeneers, Alaska Detect, Anchorage, Alaska 


Cenmnon, T. MS Granceio, ond & Jewett 1987 Fuh Food HMabuts Chapter } fe Endwott 
Eaverormental Mondorming Serves, 1985 Report to Standard Alaskan Production Co 
Anchorage Alaska 


Crag. P C. 1984 Fick woe of coastal waters of the Beaufort Sea A revue Tram Amer Fish 
Soe 119.265-282 


Feohhetim, 8 G1 S Baker, © 8B Grillaten. end D R Solhemedt te press Localived movement 
patterm of least and arctew cece m the veeemety of @ soled-fl cComseway Biol Papers. 
Law Alaa 


Gas, D B.C. Whemes, and C M Preent 198" Fish Distribetion and Abundance fo Endwort 
Eeavwonmental Montoring Survey, 1986 Draft Report to the US Army Corps of Engineers. 
Alaska Detrct Anchorage Alaska 


214 


Questions and Discussion: Arctic Information Update Session 


333 


If 


£525 
i Hire 
pine “i 
32 iit 


3 
% 


“t 


your 
band 
think 


relatively freshwater offshore. But | think the satelite photograph that you showed indicated 


that the band is not discontinuous, « is Continuous. | wou!’ like to see two of 


satellite photograph shows that Endicott Causeway deflects coastal water offshore, but | think 


Question (Newbury) Domoni made the poit that the cisco and whitefish migrate throug? 
warm relatively freshwater. Lon, m your diagrams of the effect of the causeways on the 
alongshore flow of water, | think you accurately showed that m deflects some of that warm, 
show not the contradiction, but that the offshore deflection doesn't break the 

that the satellite photo also shows that the band of coastal water is continuous. 


that Domoni mentioned which i important to fish. | think m was slide #8. I 


) t what gets deflected offshore and then comes into contact with 
beneath. The breaches do a pretty good job of accommodating the river 


warm water on both sides of the causeway, and the Causeway is mot going to 
salinity water along the coastline of Foggy Bay Island (10-20 ppt, 


Hil 


(Paluszkiewicz) Am I correct that the depth range that you're dealing with is from 2 


(Paluszkiewicz) What's the order of magnitude of your wind stress during an upwelling 


i 
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Question (Paluszkiewicz) In this particular environment thu s extremely unusual. Anywhere else 
im the world where you have upwelling winds of the order of magnitude of 10 m/sec im shallow 
waters, you'll find extreme vertical homogenization of the properties. This is one of the rare 
instances where I've seen the stratification preserved under that kind of mixing energy. | think 
an interesting calculation would be to determine how much wind stress you'll need to overcome 


Response (Hachmeister) We did the drogue study th year. We followed the plume taking CTD 
casts throughout the tracking period and looked at the distribution of the drifters and took 
vertical velocity and density profiles. We'll look at the water stability. 


Question (Paluszkiewicz) | think you cowld safely say that stratification ms dominating your 
physics here. Even more so than the wind forcing. 


Response (Hachmeister) Definitely im the region behind the causeway. We had some shielding 
from the east winds by the causeway. It s a very thin layer of water with horrendous 
stratef ication. 


Question (Paluszkiewicz) Do you have data that exits before the building of the causeway? 
Response (Hachmeister) Ves, there ss some data from that area. 


Question (Paluszkiewicz) Have you compared the degree of stratification under semilar conditions 
before and after the causeway? 


Response (Hachmeister) That first wowelling transect slide that | showed was pre-causeway im 
1982. There were some east winds. The problem was that the pre-causeway monitoring program 
occurred in 1982 which was “a west wind year’. So, the surface salimities tended to be less than 
15 ppt. We didn't get the strong stratification. The other problem is that who can take CTD 
casts with 10 om resolution’? We can do that now 


Question (Pai... kiewicz) The concern is that if indeed there is not free exchange with the open 
ocean because of these causeways, they act to retain water and merease the stratification that 
normally wouldn't occur. | suppose that’s one of the questions you are working on. 


Response (Hachmeister’ Ik changes the physics. The physics is fantastic when these heavy 
stratif ications occur and all this energy is im little layers. 

Question (Paluszkhiewicz' It's absolutely amazing inat you don't have homogenized water. 
Response (Hachmeister) It's like a big laboratory owt there. It's mot that large We don't talk 
ocean here. Really, we have to be a little careful. | call this thin film oceanography. It's really 
not even shallow water oceanography. The deepest cast we have is to 6 m. We don't even go 
owt beyond that. So, all this & occurring on a really small scale. 


Question (Paluszkiewicz) You don't have a data storage problem do you” 
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OCSEAP DATA AND INFORMATION MANAGEMENT 


M. J. Hameedi 

National Oceanic and Atmospheric Administration 
Ocean Assessments Division 

701 C Street 

Anchorage, Alaska 99513 


The objectives of data and information management activities in the Outer Continental 
Shelf Environmental Assessment Program (OCSEAP) are: 


e To establish a repository of quality-controlied data obtained as part of the program. 
© To prowse data services and products to all interested users. 


The preparation and distribution of principal investigators’ final reports, synthesis reports, 
comprehensive bibliography, photographs, remotely-sensed mmagery, and voucher specimens also 
constitute important information management functions. A mumber of documents are on display at 
the meeting, and some are available for distribution upon request. 


Several new file types and formats have been developed under OCSEAP for input and 
archival of data in digital form, particularly for biological observaticas and records. These new 
formats, along with extensive new data from Alaska, have added significantly to the regional 
coverage and overall data management capabilities of several national data repositories, for 
example, the National Oceanographic Data Center (oceanographic an4 marine biological data), the 
National Geophysical Data Center (seismological data), and th: National Institute of Health 
(microbiological data). 


Wilham Danforth 


Laboratory for the Study of Information Science 


University of Rhode Island 
K engston, Rhode Island 0288! 


DESIGN AND MANAGEMENT Of THE ALASKAN MARINE DATABASE 


wedges 


He 


aRTIAE 
7 32 St 
HH. aE 


al fi 


LSIS persomne! are presently mergeng 


INFORMATION, allowing wsers to access & wide variety 


user 
allow ong 
we types & 


Ra 
aH it 


SHEE 


ality GE 


a 
vi 


! iy 


ar if 


ayial dae : 


Hh 


221 


1987 MMS ~ Arctic Information Transfer Meeting 


NODC file are related or “linked” to cach other by a particular tem, such as gauge of meter 
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Danforth Design end Managemen of the Alasian Marine Daiahase 
Agy person owning 8 personal computer with a modem hookup, or working at an institution that 
has @ Central computer hooked into the phone system will be able to access the data. 
REFERENCES 


National Oceanographic Dats Center Users Guide 1986. Key to oceanographic records 
documentation @14, National Oceanographi Data Center, US. Department of Commerce, 
Washington, D.C. 


McFadden, F. R.. and J. A. Hoffer. 1985. Database Management. Benjamin/Cummings Publishing 
Company, Inc. Menlo Park, CA. 53! ». 


Arctxe Environmental Database User Guide. 1987. Laboratory for the Study of Information 
Science (LSIS), K imgston, Rhode Island 
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Table 1. Species lecteded te the Bering, Chebchi, sed Beaefort Seas dots system. 
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MARINE DATA AND INFORMATION - AN ALASKAN PERSPECTIVE 


Micheel L. Crane 


US. Department of Commerce 
National Ocean and Atmospheric Administration 
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of the National Weather Service and provides specialized services. The revised mari 
“- ; sed 


particularly . Other marine geological uclude grain size data, plus geophysical 


| 


services will be introduced soon. The Defense Meteorological Satellite Program has new 

which will mmprove the ice edge detection capability. New products are planned from 
these data. Arctic Gata buoys will send data to the Snow and ice Data Center under 
apanded program. Research on snow mek will be conducted for sea ice environments. 


HI 
= 2 


particepant im the global change arena. With the imterest in networks, NOAA has begun a study 
of arctic networking from an agency wide perspective. Lach NESDIS Center is submitting ideas 
to this arctic network plan. The World Ocean Circulation Experiment (WOCE) will have arctic 
data and NODC will support researchers in the future. 


New scientific instruments will have an enormous affect on data services in the future. 
New satellites will expand the scale and type of measurements in the ocean domain. Profiling 
current meters will map subsurface currents from surface mounted platforms. Remote sensing will 
adopt new technologies and provide exciting new data for the research ity and the 
operational community. Synthetic aperture radar devices will be the first to address we 


¥ 
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QUESTIONS AND DISCUSSION: /a/ormation Management Session 


Question (Sokolov) I'd like to ask Andy Robertson about the availability of the NOAA atlases. 


Respease (Robertson) Our atlases are primarily available for sale through the government 
printing office. We usually make some available to congressmen and others like that, but atlases 
are primarily through the printing office. For the Gulf of Mexico, we mailed 
flyers and | assume, if we get pretty good results, we'll Go the 

to make as many people as posible aware of its availability and how to get it. 


Question (Sokolov) Is there any possibility of distributing to Arctic libraries? 


Response (Robertson) | think there are some libraries. | am sure the University of Alaska will 
get at least one free copy, as well as some of the organizations who have cooperated with us. 


Question (Lockert) You didn't mention how people from Alaska will be able to use the database. 
Is a copy of that database going to be wp here that people can use’ 


Questions (Lockert) How big is ? What size memory does it require? 


Response (Robertson) | think it's all on one ~- 20 cartridge. You do have to have an upgrade, 
like I've got an SE, and | have to have some storage added to take it. | don't exactly know 
how much i takes, but isn't just the regular storage, you have to have some extra. | think 
Mac? would probably run it without any extra storage. 


Question (Prentkiy) | have a quertion for Bill Danforth, on the chemical database, Will there be 
anything on these to identify the techniques used in the analysis? 


Response (Danforth) There are text records associated with this. If the investigators themselves 
submitted the information, « will be in there and be made available. 


Comment (Prentki) We at MMS have had problems with that in the past in that some different 
types of techniques have been used. 


Respoase (Danforth) Well, the data we've received so far - a would be file type 144 - there 
are text records im there indicating the type of techniques. It's very abbreviated but you can 
tell what they used to arrive at the various numbers they came out with. 


Comment (Crane) And as part of that request, we're also generating copies of the 
documentation forms which our investigators supplied which go into a little more detail on what 


Question (T. Johnson) | wanted to ask you, Andy, what the primary data sowrces were that you 
used for the atlases. Did you get most of your through NODC? 
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Question (Smiley) Did the experts give you an audit of thew source materials they wed? Did 


they wse empirical data or extrapolated data’ 


Response (Robertson) Yes 


Question (Fishman) So, it is possible to glean from the atlas’ 


to go back to the information that we have 


Response (Robertson) Only partially from t 
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The objectives of one program, the Arctic Data Cataloguing and Appramal Program 
historical oceanographic studies (datasets) mm Canada’s arctxe waters, 


(ADCAP), are 


© To compile the available Gocumentation about the collection, analysis and status of all 


Te 


‘The aims «f ADCAP are being realized by conducting inventories of all existing data -- 
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Figure 1. Subregions of the Arctic date cataloguing and appraisal program (ADCAP). 


Much of the Program's cataloguing and appraisal has been carried owt wader contract to 
reputable consulting companies (such as Arctic Sciences Ltd. Seakem Oceanography Ltd. ESL 
Environmental Sciences Ltd. and P. N. Research Projects), relying on the expertise and guidance 
of Institute researchers as scientific authorities. 


Special care and deliberation has been expended on devising a semi-hierarchical data rating 
system. Somewhat elementary and ordinarily objective, the ratings are based on the judged 
thoroughness and completeness of each dataset’s documentation about each type of measurement 
Although the specific appraisal criteria vary considerably between disciplines, the same five 
rateng categories have been used uniformly throughout the Program 
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Smiley Cataloguing and Appraisal of Ocranographa Daa 
ond Industry Activities in Arctic Canada 


comparison with other datasets may be difficult or impossible. 
Data are internally consistent and sufficiently standardized or tied to 4 reference. 


Data were not or cowld not be investigated because sufficient Gocumentation was 
comparison with other "4" rated data showld be posible. 


not avaiable. 
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is summarized im Table |. The ADCAP catalogues are 


as separate volumes im the Canadian Data Report series of Hydrography and Ocean 


the 


The present status of 


published 
Sciences ( 


Table 1. States of ADCAP ieventories. 
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on a MicroVax 1) computer and Tektronia 4/07 of 4014 terminals, 


DISSPLA software. 


Fa 
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indian Affairs and Northern Development Canada. 
and Gas Lands Administration, and i published as 


of Hydrography and Ocean Sciences series (Table 3) 


the Canadian Arctc. Mendreds of howrs were spent compiling and 
format, the most mmportant documents such as vessel logs, company 
momitoreng study documents. Most information was 


Clearly the operational facts of major offshore activities associated with past oi and 
ee sae 


This Program's objectives are to compile assidwously, examine first-hand, synthesize 5. mply, 


a 


to over 100 marine dredging operations authorized from 1959 
ving the loading and dumping of over 46 million cubic meters 
companies such as Dome Petroleum and Esso 


ial wlands for Grilling, glory holes for well protection, and 
computer database, the operational detasls (company, dredge type and 


mformation sources, and so on) were archived and organized into tables, 


and maps These, together with descriptive overviews, line drawings and 


were neved m a catalogue. The dredging database was revised and 


these dredging requirements included construction of harbours and 
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Sensiey Cataloguing and Appraisal of Ocranograph Date 
ond Industry Activities in Arctic Canada 


and Davis Strait, and on sivcraft/vemel traffic and setemic surveys from 1980 to 1986 m@ tie 
Canadien Beaufort Sea. 


For copies of the catelogues or more information showt the Programs, you are encouraged 
to contact 


Table 2. Volemes of the Arctic Data Compilation and Appraisal Seriew: fc Canadian Date 
Report of Hydrography and Ocean Sciences. No. S$. 


Published (November 1987) 


Thomas, D. J. R. W. Macdonald, and A. B. Cornford. 1982. Arctic Data Compilation and Appraisal 
Beaufort Sea Chemical Oceanography. Vol. 2, 24) p 


Birch, 1. R. D. B. Fiesel, D D Lemon, A. 8 Cornford, R. A. Lake, 8 D Smiley, R. © 
Macdonald, and R. H. Herlinweaus. 1983. Arcte Data Compilation and Appramal. Northwest 
Passage: Physical Oceanography - Temperature, Salemety Currents and Water Levels Vol 3}, 
262 p. 


Thomas, D. J. R. W. Macdonald, A. G. Francis, V. Wood, and A. B Cornford. 1983. Arctic Data 
Compilation and Appranal. Northwest Passage Chemical Ooeanography Vol. 4, 200 p 


Birch, 1] KR. D. B. Fevel, D. D. Lemon, A. B. Coraford, R. HW. Heriimveaws, R.A. Lake, and BOD 
Smiley. 1983. Arctic Data Compilation and Appraisal. Baffin Bay Physical Oceanography -- 
Temperature, Salinity, Currents and Water Levels. Vol. 5, 372 » 


Fissel, D. B.. L. Cuypers, D. D. Lemon, J. R. Birch, A. B. Cornford, R.A. Lake, B D Smiley, ® 
W. Macdonald, and R. H. Herlinveaws. 198). Arctic Data Compilation and Appranal Queen 
Elizabeth Islands: Physical Oceanography -- Temperature, Selimity, Currents and Water 
Levels. Vol. 6, 214 9 


Birch, J. R., D. B. Fissel, A. B. Cornford, and H. Melting. 1984. Arctic Data Compilation and 


Appraisal. Canada Basin - Arctic Ocean Physical Oceanography - Temperature, Selimity, 
Currents and Water Levels. Vol. 7, 624 p. 
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Harwood, L. A. L. A. Tormey, L. Ge March, 8B. D. Smiley, and F Norton 1986. Arcte Dow 
Compilation and Appraisal. Beaufort Sex Biological Oceanography -- Seals, 1626 to 1985 
Vol. 6, (Part |, 352 p, Part 2, 301 p) 


Woods, S$. and B& D. Smiley 1987. Arcte Dats Compilstion and Appransl Beaufort Sea 
Biological Oceanography -- Bacteria, Plankton and Epontx Community, 1914 through 1985 
Val 9, 412 © 


Norton, P.. B.D. Smiley, and L. de March. 1987. Arctic Data Compilation and Appransl. Beaufort 
Sea Biological Oceanography ~~ Whales, 1848 to 1983. Vol 10, 407 p. 


Waimeright, PF. 8. D. Smiley, and A. Blyth 1987. Arctic Dats Compilation and Appranal 
Beaufort Sea Biological Oceanography--Marinme Zoobenthos, 1914 to 1986. Vol 11, 67 » 


Bich, 1 R. 1. D. Lemon, D B. Fissel, and HW. Meliing 1987 Arctic Data Compilation and 
Appraisal. Beaufort Sea Physical Oceanography ~~ Currents, Water Lewels and Wawes 1914 
to 1986. Vol. 12 (rewed and wpdated Volume |) 452 p 


Norton, FP. N. B.D. Smiley, and L. de March 1985 Arct Data ~ompilation and Apprenel 
Northwest Passage Biological Qoeanography ~~ Whales. 1820 + 1984. Vol 13 (Part 1, 253 
Part 2, 494 p.) 


Bech, 1 R&R. D B Fisel, D D Lemon, ond R. A. Lake 1987 Arctic Data Compilation and 
Appranal ‘Northwest Passage Physical Oceanography -- Currents, Water Levels and Waves 
1820 to 1986 (revined and wpdated Volume 3) Vol 14, 109 p 


Lapebliched (November 1987 ) 


Ratyoski, R. L. de March, A. Thomphim, and B D Smiley. Arctee Data Compilation and 
Appranel Beaufort Sea Biological Oceanography -- Fishes 1896 to 1985 Vol 15 (draft) 
400 » 


Thomas, D J. PF. Wameright, and M Vunker 1986 Arct Dats Compilation and Appranel 
Queen Elizabeth Islands Chemical Queanography -- Metals, Hydrecarhons, Nutrients and 
Onygen. 1933 to 1985. Vol. 16 (draft) 1M 


Ratyneki, R.. and L. de March 1987. Arctic Dats Compilation and Appraisal Northwest Passage 
and Queen Elizabeth island regions Biological Oceanography -- Fishes 1819 to 1985 Vol 
17 (draft). WO p 


Harwood, L. A. FP. Norton, L. de March, and 8 D. Smiley. 1987 Arctic Date Compilation and 
Appranal. Northwest Passage Biological Oceanography -- Seals 1834 to 1985 Vol If 
(draft) 1146 


Wamerigm, FF. ond BD Smiley 1986. Arctic Date Compilation and Appranel Northwest 
Panage Biological Oceanography -- Marine Zoobenthos 1936 to 1982. Vol 19 (draft) 92 p 
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Sackmenn, T. ond B DD. Smiley 1985 Arctic Industrial Actiwities Compilation Volume 2 
Sverdrup Basen Hydrocarbon exploration 1974 to 1984 Vol 2 iB8Ii p 


l epeblished (November 1987) 


Wamergh, PP, and J] McDonald 1987 Compilation of historical Grilling chemicals Gata 
associated with offshore hydrocerbom exploration m the Canadian Beaufort Sea Arctu 
islands and Dawis Strat regions, 1973 to 1906. Vol 3 (draft) 52 » 


Waimertigh, PF. 1 MeDenelid, and A. Blyth (im preperation) Arctx 
compyliation for the Canadian Beaufort Sea semmu surveys, vessel 
wallic end offehore marie research. 1980 to 1986 Vol 4 
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. ESS its. The ability to wee Girect 
commands greatly enhances the potential we of EDS for more shilled operators 


The records portion of ESDS is intended to quickly provide basic program mformation to 
HQ, regional offwes, o other mterested parties Effective linkage to a telecommunications 
package «#s y wadersay. The LIBRARY file 6 approximately 65% complete and will be 
completed wader & contract to the University of Rhode tstand’s Laboratory for the Study of 
information Science (SIS). During FYSS, LSIS will complete final editing of appronimately 3,500 
records and refine a technical keyword index. CONTRACT records are mamtained by MMS HO 
staff and are complete through FYS’. The ESS system has been upgraded to GBase I] Plus and 
AT-type PCs 


The HQ Files portion of ESDS tracks assigements, procurement actiom, and prope “d 
studies. When @ contract i awarded, a record & entered into the CONTRACT database 


Specific mformation on ESDS file structures, programs, and operations may be obtained 
from evther Norman Merwitz or William Lang at (202) 343-7744. 


QUESTIONS AND DISCUSSION: /aformation Management Session 


Ht TU Ete BE OSETEY 672 Pere eT ICTY 
Rt APE LTE ; 
EGE 314 sees His -*g8e'5 % 
stipsaseteel go Sra The 
4: fizis $3: ffi we ee 4-591 J 
euiiy onde Ua 
aap | HEA. Ta F 
Gyetzisaie of 2) Ray Pala tages ari 
Maeda | tee fencdlistt 

Miucata < gu eon + 
i HBG E : 32 43 EL Le te 
EE GR tata 
pga BLE HHT BH 
HOR HAeHG ¢ JHnD Ege 
F 243 efi gptl At: F S323 ssi tft 
HELE a1423] Hie tht 
id iF ED HH Phe _e THE efit. ue is? 
Padi GH HNG Hefelnial 


1987 MMS ~ Arctic Information Transfer Mecting 


dy DRHAESE 
in igi 
uni sh bee 
Ht. i aH 
Syste 3 . $¢f2 551932: 
itt adhaniind 
HH et 
eH PrP 
Hi Naat 
| : ie: § ~ | -- 
te 
if PATH EH iy 
iH Hi 


ii 


Useng historical dota m an 


Response (Smiley) | guess the last sentence was fauwly hey 


esgy wees particularly throwgh atlasing | think can be wery Gangerows. The way | use 


_ They wowally refer to the information that they we 
son of forecast. Withowt even having the data m 
the most complete historical Gatasets that are 


. environmental atlases, or the mdustry’s perspective on the 
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serial survey work for marine 


. there have been @ number of 
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FISHERIES STUDY PLANNING SESSION 


SUMMARY 
FISHERIES STUDY PLANNING SESSION 


The MMS Alaska OCS Region is planning a five-year Arctic Fisheries Study to begin in FY 
1989. The primary objective of the study i to gather and synthesize information on ecological 


specific watersheds, little mformation & available for the general geographic area and there are 
no data on the sizes of the marine stocks of the magnitude of the fisheries. Available habitat, 
porticularly owver-wintering habitat, appears te be an important factor m regulating the 
popwlations, however, little data are available for the distribwtion and estemt of such habitat. 


On-going efforts by the US. Fish and Wildlife Service to assemble and synthesize the 
available database collected m the Arctic Refuge are continuing, but the future is wncertain due 
to budgetary restrictions. A major synthesss report by Dawe Norton of the University of Alaska 
is scheduled to be completed mm the spring of 1988 


The first step showld be anembling, mtegrating, and synthesizing the Gatabase at 
evaluate and identify mformation gaps either im knowledge of geography that would be needed 
to 
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INFORMATION TRANSFER MEETING AGENDA 


930 AM 
945 AM 

1015 AM 
10.30 AM 
1045 AM 


11S AM 


11:45 AM 
12:00 PM 
Lis PM 


145 PM 
215 PM 
230 PM 
245 PM 
315 PM 


APPENDIX | 
AGENDA 
TUESDAY, NOVEMBER 17, 1987 - ALASKA/DENALI ROOMS 


Registration (Continuous until end of meeting, there is no charge, but all attendees are 
requested to regsster ) 


Welcoming Remarks - A. Powers, Regional Director, MMS Alaska OCS Region Procedures 


Summary of Offshore Oil and Gas Activities in the US. Beaufort Sea - J. Walker, 
MMS/Fieid Operations 

PHYSICAL SCIENCES SESSION 
The Arctic Ocean - M.J. Hameedi, NOAA/Ocean Assessment Division, Alaska Office 
Arctic Remote Sensing - W. Stringer, UAF /Geophysical Institute 
Question and Answer Period 
Break 
Sea ice Motion - R. Pritchard, Naval Postgraduate Schoo! 


Arctic Circulation and Physical Oceanography - K. Aagaard, NOAA/Pacific Marine 
Environmental Laboratory 


Question and Answer Period 
Lunch - on your own 


Ocean Circulation and Oil Spill Trajectory for Alaskan Coastal Waters - M. Spawiding, 
Applied Science Associates 


The MMS Coastal Zone Oil Spill Model - M. Reed, Applied Science Associates 
Question and Answer Period 

Break 

Beaufort Sea Technology Update - D. Padron, Han-Padron Associates 
Beaufort sea Monitoring Program: Analysis of Trace Metals and Hydrocarbons from OCS 
Activities - M. Steimhauser, Battelle Ocean Sciences 


y" 


245 PM Question and Answer Period 


400 Pw 
4” Pu 


Arctic Coastal Geomorphology - AS Naids, UAF Institute of Marine Science 
Arcte Bown@ary issues - § Ashmore, MMS/Leaseung Actrvitees 


$00 PM Questioe and Answer Period 


600 AM 


8% AM 


900 AM 


915 AM 


9” AM 


945 AM 


1015 AM 
1030 AM 
1045 AM 


115 AM 


130 AM 


Adjowre 


WEDNESDAY, NOVEMELR 16, 1937 ALASKA/DENALI ROOMS 


Registratron C omtenues 


ENDANGERED SPECIES SESSION 
Rowhead Whale Feeding - WJ Richardson, LGL Led 


Bowhead Whale Growth Rates and Mebutat Usage as Estemated by Stable leotope 
Techeiques - D Schell, UAF /Inetwete of Marie Science 


Question and Answer Period 


Ow and Euphausuds | abors'ory Keswlts, Ecological Notes, and Ou Spill lmplications - 
P Febman, Eaves coer’ . Bcrences 


What We Cie Leare by Tracking Whales with Sotelines - B Mate, Oregon State 
t erversuty 


Question and Answer Period 
Breat 
Aerial Surveys of Endangered Whales - §. Moore, Seace, inc 


Question and Answer Period 


SOCIAL AND ECONOMIC SESSION 
Socroowlteral and Socwoeconome Changes in Barrow - R Worl, Chilkat Inetetute 


1200 PM Question and Answer Period 


1215 PM Leach « of your own 


1-2 


800 AM 


8.30 AM 


845 AM 


SIS AM 
945 AM 
1015 AM 
1030 AM 
1045 AM 


115 AM 


BIOLOCICAL SCIENCES SESSION 
Arctic Marine Ecosystems ~- D. Schell, UAF Institute of Marine Science 


Arctic Fisheries Distribution, Abundance and Uses - BR. Bailey, US Fick and Widitfe 
Service 


Coastal Marine Birds - D. Troy, LUGL Alaska Research Associates, nc 
Breas 


Effects of Industrial Activities on Ringed Seals mm Alaska as Indicated by Aerial Surveys 
K. Frost, Alaska Department Fish and Game 


Marine Mammals of Kotzebue Sownd - FP. Becker, NOAA/National Ocean Serwice, Alecks 


Question and Answer Period 
Summary of ISHTAR Resin - CP. MeRoy, UAF /inetitate of Marine Science 
Question and Answer Period 


Adjourn 


THURSDAY, NOVEMBER 19, 1987 - ALASKA/DENALI ROOMS 
Registration ( omtenues 


ARCTIC INFORMATION UPDATE: Beaefert aed Chetchi Seas 


Introductory Remarks and Procedures - T Johnson, MMS/Eavironmental Studes, and M ) 
Hameedi, NOAA/OAD Alaska Office 


A Study of Possible Meteorological Influences on Polynys Size - W. Stringer. 
UAF /Geographic Institute 


hoe Flow Along the Coasts - C Pease, NOAA/Pacific Marine Environmental Laboratory 
Cwewlation - K Aagaard, NOAA/Pacific Marine Environmental Laboratory 
Questions and Discussion 

Breas 

Chukohi Ses Current Meters « W. Johnson, UAF Institute of Marine Science 
Chukoti Sea Zooplankton - R. Cooney, UAF /Inetitute of Marine Science 


1) 


1145 AM 
1205 
1200 Pw 
1 mM 
1 
290 PM 
2PM 
20 ™ 


510 Pw 
3% PM 
345 Pw 
400 Pw 


415 ee 


800 AM 


8 AM 
845 AM 


900 aM 


Questa: and Din wsseon 

Lenck - of your own 

Lench Break - On your own 

tsonope Studes of Arctn Zouplantion SS Saupe LAF tneteete of Northere F ng ener ing 
Contenemtal Shelf Seduments - AS Narde, UAF /Insteete of Marene Scumnce 

Benthos of the Southeasters Chekct) Ses - H Feder, UAF Institute of Marine Science 
Questions and Disc usscom 


Population Genetic Structure of Arcot Char from Rivers of the North Slape of Alaska 
RB Everett. US Fiek ond Wilditfe Serwwe 


Berd Zooptantion Feeding Relatwonsheps - A Sprenger, UAF ‘Instaute of Maree Scrence 
Questions and Drie wsscom 

Breas 

Endwott Proyect An industry Perapectrwe PF Pope Standard Alaska Production ( ompeny 


Coastal Processes and Ooeanographec Property Distribetrons om Stefamusom Sound - 1 
Hac hmermter Env roaphere Company 


Habe Usage and Mowement Panerns of Anadromows Fish om the Prudhoe Bay Region of 
the Central Beaufort Sea - D Glass, Enweroaphere Company 


Questions aad Disc uss ron 


Adjourn 


FRIDAY, NOVEMBER 20, 1987 - ALEUTIAN BOOM 
Registration ( omtemues 


INFORMATION MANAGEMENT 
The Importance of Information Management - T Johnson MMSE Env crommental Seudes 
OCSEAP Data end information Management MJ Hameed: VWOAA OAD Alaska Of f we 


Desige end Management of the Alaskan Marine Detebase « © Denforth, University of 
BR hrene botand 
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vom **' 
1015 AM Gresh - Viel the INFORMATION MANAGEMENT DISPLAYS 


1030 AM Catalogenng and Approval of Ooeanographx Data and Industry Actresses @ Arctn Canada 
- B Seniiey, Department of Fisheries end Coeans 


1100 AM The Eevrrommental Seudes Database Synem - D Aurand, MME Eeverommental Studies 
11-30 AM Question and Answer Period 
1145 AM Adjours - Thank you for perticowpeting is the Arctic Information Transfer Meeting’ 


ALSO ON FRIDAY: 
The Regional Techawal Worteng Group ell meet from 900 AM to 400 PM om the Dillingham Room 


The Fisheries Studies Planning Session oil be held from 900 AM w 1190 AM im the King Selmoe 
Room (see Graft schedule attached) 
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APPT NTA ff 
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SPEAKER BIOGRAPHIES 


AAG AARD ENLUT Occanagrapher 


WOA Pada Maree Eaverommental | shoratery 
7600 Gand Post Way, NE 
feartie Washengton 98115 G0 7O 


Educ atom 
md, 
MS. 1964 
AB. 1%! 
Alaska OCS Research of Related Seudes 


Alaska OCS research and coven corcwletion 


ASHMORE STANLEY Geograph r 


Minerals Management Serv we 
949 East Meh Avenue 
Anchorage Alaska 99508 430° 


F due ateom 


MA. 197) 
BS. 196) 


Alaska OCS Research of Related Seudes 
Alaska Federal State Bowndary Project, 1985. 1987 


AURAND, DONALD Chief, Brunch of Eovwronmental Seeds 


Monerais Management Serewe 
Branch of Eaverommental Studs 
12203 Seortme Valley Drive 
Reston Vergemea 2209) 


Education 


mod, 1975 
MS. 1968 


BAILEY, RANDY, Chef, Fischers Divtioe 
US Feb end Widitle Serve 
101! East Tedder Road 
Aachorage, Alaska 9950) 

f ducateom 


MS. 1974 
BS. 1973 


Alaska OCS Research or Related Studies 


Arcte char genetic stack sentd watrom, Bristol Bay salmon genetic stor’ dente scatron 


BECKER, FALL. Broloemt 
NOAA. Nateonal Queen Service, Ocean Assessments Drv meson 
701 C Sereet, Boa 
Anchorage, Alaska 99515 
Education 
PAD, 1972 
MA. 169 
BS. 1%” 
Alaska OCS Research of Related Studies 
Alashan Maree Mammal Tissue Archival Project, A review of enformatoon on Alaskan ol 
SOE DS 


COONEY, ROBERT Associate Profemor Maree Sconce 
University of Alaska 
Imeteture of Marone K sence 
23) Wweeng, Bidg 
Faurtbenks, Alaska 9970! 
Education 
Pad. 971 
Alaska OCS Research of Related Studies 


NEGOA sooplankton studies 1973-1974 Bering Sea sooplantton studies 1975-1976. 
Hy droacowstns applred to zoaplantion studies, (heres oceanography 
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CRANE, MICHAEL L.; Alaska Liaison Officer 
NOAA/NESDIS 
707 A Street 
Anchorage, Alaska 9950! 

Education 


MS. William and Mary, 1974. 
BS. William and Mary, 1969. 


Alaska OCS Research or Related Studies 
Managed information service office in Anchorage for the OCSEA Program 1976-1983, Marine 


pollution information networking 198!-present, Sea ice information analysis showing ice edge 
bowndaries im time series, satelite Gata services im the Arctic, Arctic information networking 


DANFORTH, WILLIAM, Anchorage Lianon 


NOAA 
Laboratory for the Study of Information Science (LSIS) 
701 C Street, PO. Bon 36 
Anchorage, Alaska 99513 
Education 


MS., University of Rhode Island, 1986 
BS. University of Rhode teland, 198! 


Alaska OCS Research or Related Studies 


Seismic data analyse and applications of geology to microcomputer graphics 


EVERETT, REBECCA, Fishery Biologist 
US. Fish and Wildlife Service 
1011 East Tudor Road 
Anchorage, Alaska 99503 

Education 


A., 1986 
BS. 1976 


Alaska OCS esearch or Related Studies 


Genetic stock Wentification of Arctic char, genetic stock Wentification of Pacific salmon 


FEDER, HOWARD, Profesor of Marine Scirnce 


Ph D., Sanford University, 1956 
M.A., UCLA, 195! 
BA. UCLA, 194 


Alaska OCS Research or Related Studies 


Benthic studses including destribution and feedeng mmteractsoms on 
Alaska, Cook Inlet, sowtheastern Bering Sea, northeastern Bering Sea, 
Chukchi Sea (enchuding Kotzebwe Sownd), Fyord benthic biology mmtertidal 
brittle star and clam biology, biology of fishes of sowthern Calforna 


FISHMAN, PAUL, Owner 


Freshman Laveronmental Services 
P © Boa 1902) 
Portiand, Oregon 97219 


t ducation 
PRD Candidate, 19°! 
MS. 1968 
BS. 1965 
Alaska OCS Research of Related Studies 


Distribution of larval and juvenile red bing crate m Bretol Bay, Alaska 1984, lethal and 
swtiethal effects of of on food organnmm of the bowhead whale 1985, snare fh communities, 
estuarene ecology, development and mutigation 


FROST, KRATIIRIN J. Marine Mommals Bioleget 


Alaska Department of Fiah and Game 
1300 College Road 
Faurbenks, Alaska 9970! 

I ducatron 


M5... Universety of Caltfornm, 1976 
BS. Tulane University, New Orleam, LA, 1970 


hea 


Endicott Environmental Monitoring Program - fisherses mvestogations 1965-1987, Yukon River 
Delta, dstribwtsom of salmonids, fmherses production madels 


HACHIMEISTER, LON E.; Physical Oceanographer ‘Manager, Marine Sciences 


Enverosphere Company 
10900 NE. Sth Street 
Bellevue, Washington 98004 


td <aton 


MS. 197) 
Graduate Work m Physics, 1967-1969 
BS. 197 


Alaska OCS Research or Related Studies 


Endicott Monitoring Program - physical studies (SAPC), Chukchi Sea coastal oceanographic 
studees (OCSLAP), eastern Beaufort Sea coastal and lagoon characterization (OCSEAP), northeast 
Gulf of Alaska physical oceanography studies (OCSEAP), we dynamics, estuarine processes. 


HAMEEDI, M. J Oceanographer 


NOAA, Ocean Assessments Divisron 
701 C Street, Bou 56 


Anchorage, Alaska 9951} 


us 


Alaska OCS Research of Releted Studies 


Ecotogscal study of the sowtheanters Chubch: Sea, modeling of plankton éynamscs, application 
of scuentel xc Gata for management use, arctx oceanography 


JOUNSON, WALTER 8. Asswtent Profesor 


Unrversety of Alaska 

instetwte of Marene Scuence 
117 O'Newl Bidg 

Fawbenks, Alasks 99775-1080 


Education 


PAD, 1981 
ms. 1975 
BS. 1972 


Alaska OCS Research of Related Studies 


Kotzebue Sownd ecosystem study, Chukchi Sea benthos, numerical modeleng of storm surges on 
Norton Sownd, Alaska coastal cwrremt near Seward, Pronce William Sownd circulation 


LANG, WILLIAM, Team Leader 


Minerals Management Service 
$931 Highmeadow Road 
Alexandria, Virginia 22310 


Education 


PaD., 1977 
MS. 1973 
BA. 197) 


MATE, BRUCE: Associate Professce 


Oregon State U niversety 
Hatfveld Maree Scrence Center 
Marune Scxence Drive 

Newport, Oregon 97365 


Education 


Pad. 197) 
BS, 1968 


Alaska OCS Research of Related Studses 


Radso tracheng large whales, development of sateline monitored radio tags for large whales. 
marine mammal migrations, feeding, navigation, diving and competition with fisheries 
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MCROY, C. PETER; Professor 


University of Alaska 

inststute of Marine Scuence 

232 lvwing, Bidg. 

Fawbanks, Alaska 9970! 
Education 


PaD., 1970 
MS., 1966 
BS. 1,96) 


Alaska OCS Research or Related Studies 
PROBES. ISHTAR. ecosystems of the continental shell. 


MOORE, SUSAN, Project Manager 


SEACO, Inc. 
2845-D Nemaz Boulevard 
San Diego, California 92106 


Education 


MS., 1979 
BS. 197 


Alaska OCS Research or Related Studies 


Endangered whale serial surveys im the Beaufort, Chukchi and Bering Seas since 1981, 


NAIDU, A. SATHY; Professor 


University of Alaska 

Instetute of Marine Scrence 
112 O'Neil Bidg. 

Fawbanks, Alaska 99775-1080 


PADRO®, DENNIS VV: Partner 
Han-Padrom Associates 
270 Broadway 
New York, New York 1000! 


Eévcation 
MSC E., 1966 
BSCE, 1964 


Alaska OCS Research or Related Studies: 


Update of com data for petrolewm development im Alaska OCS; Beaufort Sea petroleum 
technology asmsesmment, evaluation of Bering Sea crude oi transportation systems, deepwater 
moormg systems, rapid deployment offshore cargo transfer systems. 


PEASE, CAROL 11: Ooeanogra sher 


NOAA/Pacifx Marie Envi onmental Laboratory 
7600 Sand Pout Way, NE 
Seattle, Washington 98115-0077. 


f ducation 


PRC. University of Washington, 1985 

MS.. Atmosphersc Screnoes, Unuversity of Washington, 198! 
MS.. Physical Oceanography, University of Washington, 1975 
BS. University of Miami, 1972 


Alaska OCS Research of Related Studies 


Autumn freeze-up m the Bering ‘Chelhch: system, ONR and NOAA, polynyas and coastal we 
mteractiom, ONR and NOAA, vessel icone, NOAA 


PORT, PAMELA. Loavironmental Screntet 


Standard Alaska Production Company 
P.O. Boa 196612 
Anchorage, Alaska 99503-6612 


Education 
M5S., University of Alaska, Anchorage, 1985 


BS. California State University, Long Beach, 1977 
Limnology lnstitute, Uppsala, Sweden, 1976/1977 
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REED, MARK; Senior Scientist 
Applied Science Associates, Inc. 
70 Knauss Drive 
Narragansett, Rhode Island 02882 
F ducation 
Pa.D., 1980 
Alaska OCS Research or Related Studies 


Potential interaction of endangered whales with ol spills, wmpacts of oul spills on Alaskan fur 
seals, development of a coastal zone of] spill model 


RICHARDSON, W. JOHN; Vice President - Research 


LGL Led. 
22 Fisher Street, P.O. Bou 280 
King City, Ontario LOG 1K0, Canada 


Education 


PaD., 1975 
BS. 1968 


Alaska OCS Research or Related Studies 


Bird migration - part of Seompson Lagoon ecologice! process study, 1977, bowhead behavior and 
disturbance study, Cdn Beaufort, 1980-1985, bowhead feeding study, E. Alaska Beaufort, 1985. 
1987, subcontractor in BBN site-specific noise and disturbance study, 1985-1987, four ongoing 
contracts related to site-specific noise and disturbance, bird hazards to aircraft, geners! 
ornithology, research design, computing, statistics 
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ROSE RTSON, ANDEEW, Chief, Coren Amesoment: Breach 
NOAA NOS 
React weal Budideng, Room 652 
Rock edie, Marytand 20852 


€ dun at com 
mod, 
MA. 1%! 
85. eM 
Alaska OCS Research of Related Seudes 


Ecology. tanonomy and zougeography of ma racrustaceans 


SAL PE, SUSAN, Graduate Student 


Lerversay of Alashe 
basteowte of Marrone & come 
Fawbenks, Alecks 99775 


F dun atron 
BS. 1985 
Alaska OCS Research of Related Studies 
North Alewtian Shelf - emvuronmental characterization of (eth Dow Schell and LGL, Inc. 


Kotzebue Sownd ecosystem stable motape ratroms of Arctn ‘Seubarctn suoplantion and relation to 
bow head whales 


SCHELL, DONALD M. Ansocwte Profesor 


Unrversty of Alaska 
Inetetuse of Marene Scromce 
312 Duckerong Bldg 
Faurbanks, Alaska 99775 


E du ation 

rad 
Alaska OCS Research of Related Srudies 

Kotzebue Sound, North Alewtian Shelf, Eastern Beaufort lagoons, bowhead whale feeding 
Beaufort Sea energy flow, Chutch: Sea premary productivity, Sempsom Lagoon Colville River 


PCOSY SIEM, Retrate Comtamrenation of growndeaters coral reef mutreent dynamius otramote. wlar 
catalyse of aromatic esterh ydroy ses 


i -4#0 


PAD. 1972 
MS. 1970 


Alaske OCS Research or Reloted Studies 
Ceucelavon and of apill modelong for Alashan coastal eaters, of shoreline emteraction 


modeling SMEAR use of drifters to represent of spell movement muemernal modelong of coastal 
Processes Computational Mund dy names 


SPRINGER, ALAN, Crraduote Wedent 


L'newersety of Alaska 
trstetuse of Marrone & rence 


2621 Lengowberry Lane 
Fowbenks, Alaska 99775 
dun atrom 
rad, 1087 
Alaska OCS Research o Related Seudies 


Ecology of seabirds mm the Bering and Chekct: Sem 


STEINMALER, MARC ARETE, Prono q@al Research Scene 


Barwetie (meee tk omoes 


99" Bashongroe Sereet 
? O Orewer AN 
Deebery Massachusetts ©2312 


# den whem 


mo, 977 
MS. 1972 
as. 19% 


Aleks OCS Reorerch o BReleted Seeds 


Beaufort Sea Momdtoreng Program Analyss of trace metals and bydracerhoms from owter 
cometenertal shelf aot C8 POT ORe Peometor Ag Prag Gs GOFRR Hh UMNeTeteOm 


STOIWLER, STLIAM Acme cote Professor 


L meversety of Alesha 
Coougyy se al Brot etete 

Oi) Cast Eheey Bids 

9} KReyehel Avenue, North 
Fawtbenks, Alacke 99775 


§ dem whem 

mp. wi 
Sivoke CAS Research of Related Sredes 

Siateres of fat we edge and mayor nearshore redgeng, statetnal behave of C hebcti See 
ne edge statetes of ne heherrr of Norton Sewmd Berong Strat we Graplacememt stad: on 


the Berong amd Cebit Seas Grote dete of flue sores, analyos of Dreateap «quence of Norton 
Signe Revers frequen » of mmelty year we along the Beaufort Sea coast 


TROY, BELLAS M. Preentom 
[CA Alesha Beorerch Acsoctetes, the 
805 Best Northera | gies Beowter ard 
Am horape Alaska 9990 5 

§ Dee whem 
ww. 1980 

Aigohe COS Research of Related Seudes 


Maer ene berds and mormmals lt memat Pace marene berds and mammals North Alewtsan Shelf 
Be vefort fee old ageaes Aleta omere geese pPeyelatrom extemates hatetat wae ta kermeom 5 
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INFORMATION TRANSFER MEETING arie ‘DEES 


SoCo memes Teak er 
Kou Aageerd** 


WOAA Paced Marune £ e+ ronmental 


Randy Bailey ** 
US Feb and Wide Serve 


1 stow gion y p01! East Tedor Road 
1600 Sand Pou Way, NE Anchorage Alaska 99508 
Searle Washengton 98115 O07 (97) 786. 3466 
(206) 526 6808 
Sezanne Mo Ban 
Atlee Adame Boodeoard Chyde ( onmsettamns 
Minerals Management Sere we "01 Sesame Soreet 
Alske OCS Regie Anchorage, Alaska 99503 
049 Eat Meh Avenue, Room 110 (97) 361 - 1020 
Anmhorage Alashs 99508 490° 
(907) 264-4080 Keven Banks 
Monerats Management Serewe 
Helen Armeotrong Alasta OCS Regron 
Minerals Management bere nw @ 949 East S60 Avenue, Room 110 
Aleks OCS Regie Anchorage Alasks 99508 4902 
949 East Meh Avenue (907) 261 -4080 
Anchorage, Alaska 995/0 
(907) 261-4080 Tom Barnes 
North Sioge Boreung 
Manley Ashmneowe °° Pianneng Department 
Leaseng Actre tees Section PO fee 
Monerats Management Sere we Barrow Alashe 997° 
049 East 60h Avenue, Room 110 (907) O52. 2611 
Anchorage, Alaska 99508 4390? 
(907) 261 - 4690 Reherd Beasley 
Department of Natural Resowr es 
Gene Auguste (CENPA-CO-R-5) Divison of OFF end Gas 
US Army Corps of Enguneers PO Boe 0M 
Regulatory Branc® Special Actions Anchorage, Alaste 995/60 
PO Boe O88 (907) 762-256) 
Anchorage, Alaska 99506 O898 
(907) 753-2724 Poul Becker ** 
NOAA /NOS Alaska Off we 
Dee Aerand ** 701 C Sereet. Boe 
Minerals Management Sere woe Anchorage. Alaska 995) ) 


Brant of Envcrommental Sruhes 
12203 Searise Valiey Drive 
Reston, Vergemia 2209! 

(703) 648.7729 


mH. 


(907) 271-0 


Anchorage, Alaska 99508-4302 
(907) 261 - 4080 


949 Toast Mth Avenue, Room | 10 
Am horage Alaska 99508 430? 
(907) 261 -4080 


Mite Bromson 

Uniwereity of Rhode teland at NOAA 
701 C Sereet, Boa 36 

Anchorage Alaska 9951/1 

(907) 274-325 


Arnold Brower 

AS AEC 

PO Bea 9M 
Barrow, Alaske 99723 
(907) 852-2992 


Charts D ON Brower 
North Siope Borough 
Department of Bridlfe Management 
PO Bea 

Barrow. Alecks 99723 
(907) B52 +2611 


AC. Browse 

US Geological Survey 

nc 

42% Unrversaty Drive 
Anchorage, Alaska 99508 4664 
(oo?) 271-4199 


Anchorage, Alaska 99515 
(907) 271-3033 


Barbera Byrne 
ARCO Alecks tne 
PO Boa 1000 


Anchorage. Alaska 99510 
(97) 263-4078 


Don Callaway 

Muonerals Management Serv ne 
Alaska OCS Region 

949 East ch Avenue, Room 110 


Barrow, Alecks 9972) 
(907) 52-2611, eat. 240 


Jack (C ohumetl 

Environmental Scrence A Eng neering 
2900 Bomeface Park way, #210 
Anchorage, Alaska 99504 

(907) 337-5835 


Ear! Comstock 

Bering Sea Fishermen s Assen eaten 
725 Ciristemen Drive 

Anchorage, Alaska 9950! 

(907) 279-6519 


Jdact Commetiy 
Texaco, tne 

4800 Fowrnace Place 
Betiawe, Texas 7740) 
(719) 432-2 


Mas Coon 

BDM Corporateon 

16300 Christensen Road 
Bidg. 5, Sune 315 
Seattle, Washington 98188 
(206) 246-2100 


R. Ted Coomey ** 

Universty of Alaska, Fawbanks 
Instutute of Marine Scrence 

231 trweng, Bidg U 

Fawbenks, Alaska 9970) 

(907) 474-7407 


Brian Cooper 

Alasha Biological Research 
Boa 819M 

Fawbenks, Alaska 99708 
(907) 455-0778 


Cleve Cowles 

Minerals Management Service 
Alaska OCS Region 

949 Last oth Avenue, Room 110 
Anchorage, Alaska 99508-4190) 
(907) 261-4080 


Michael Crane *° 
NOAA NESDIS 

¢ @ ALTIIX 

707 A Street 

Anchorage, Alaska 9950! 
(9O7) 257-2741 


Wayne M Crayton 

US toh and Widlile Servwe 
411 West 4h Avenwe, Sunte 28 
Anchorage, Alaska 99516 
(907) 271-4575 


Wilham Danforth ** 
NOAA NOS Alaska Office 
701 © Street, Boa 
Anchorage, Alaska 9951} 
(907) 271-3580 


Robert L. Daves 

Unocal 

PO. Boa 190247 

Anchorage, Alaska 99519-0247 
(907) 276-7600 
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M. Thomas Deas 

Arctet Detract Office /BLM 
1341 Gaffaey Road 
Fawrbanks, Alaska 99703 
(907) 356-5132 


David Densmore 

US. Fab and Wildille Sev vice 
Fawbenks FWE Off we 

101 12th Awenwe, Boa 20 
Fawbenks, Alaska 9970! 

(907) 456-0209 


George Dick son 

North Slope Borough 
$08 West Second Street 
Anchorage. Alavka 99501 
(907) 279-9505 


Pamela L. Dickson 

Hughes, Thoreness, Gantz, Powell & 
Brundin 

509 Weut Wd Avenue 

Anchorage. Alaska 99501 

(907) 274-7822 


Paul Dubety 

Munerals Management Sery ice 
Alaska OCS Region 

949 Tat Mth Avenue, Room 110 
Anchorage, Alaska 99508-4902 
(907) 261-4080 


Lawree J) Dwher 
2805 Breerewood Drive 
Anchorage, Alaska 99517 


Curt  Dheameyer 
Evans-tiamelton, Inc 
4717 24th Avenue, NI 
Seattle, Washengton 98105 
(206) 526-9520 


Bot Eider 

Wo  ward-Clyde 

70) Sesame Street 
Anchorage, Alaska 9950) 
(907) 361-1020 


Ray i merson 

Minerals Management Service 
Alaska OCS Region 

949 Lau Mth Avenur, Room 110 
Anchorage, Alaska 99508-4302 
(97) 261-4080 


Cron dom Tuber 

Meneralh Management Ser + ace 
Alaska OCS Region 

999 Last Mth Avenuc, Room 110 
Anchorage, Alaska 99508-4902 
(907) 261-4080 


Rebevosa Everett oe 

tS teh and Beldiile Serewe 
bOll Last Tudor Read 
Anchorage, Alaska 99508 
(907) 7h. 3466 


Howard M. teder ** 

| aeversrty of Alavba 

lnstetwte of Marene Screnoe 
Fawbenks, Alaska 99775-1080 
(907) 474-7841 


bred telleman 

Cemter for Laveronmmental t ducation 
1°25 Dewhes Street, NW 
Vavhungton, VDC COOM 

(202) 429. S609 


Lyon § wher 

LS teh and Weldidle Serene 
101) Laut Teder Read 

Am borage, Alaska 99908 
(WO?) 7H. 3443 


Paul Foshan °° 

toheman fav erommental Serv noes 
PO. Bea 1902) 

Portland, Oregon 97219 

(903) 245-7377 


Mork ft raker 

Standard Alaska Production Company 
PO Bea 196612 

Anchorage, Alasha 99519-66!2 

(907) 364-5527 
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Dave 1. Free 

NOAA OAD Alashs Off we 
701 C Street, Boa 36 
Anchorage, Alaska 99513 
(967) 27) - 9652 


Kathrye Frou °° 

Alaska Department of Fich and Game 
1300 College Road 

Fawbenks, Alaska 9970! 

(907) 452-1531 456-5156 


Joy Genwebman 

Minerals Management Service 
Alaska OCS Regron 

949 Laut Mth Avenue, Room 110 
Anchorage, Alasha 99508-4002 
(907) 261-4080 


Karnes (srteom 

Minerals Management Service 
Alaska OCS Region 

949 Taw Mth Avenue, Room 110 
Anchorage, Alaska 99908-4902 
(907) 261-4080 


Larry Crrlbertsom 

Laverosphere Company 

550 West “th Avenwe, Suste 1150 
Anchorage, Alaska 99502 

(907) 263-1406 


Domom Glass ** 
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10900 NE Sth Street 
Bellevue, W shongtom 98004 
(206) 451-4600 
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Munerals Management Ser ioc 
Alaska OCS Region 

949 Last Mth Avenue, Room 110 
Anchorage, Alaska 99508. 430° 
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Bellevue, Wa.hengtom 98004 
(206) 451-4600 
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701 C Street 
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Institute of Marine Sceences 
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Monerals Management Service 
Alaska OCS Region 

949 East }6th Avenue, Room 110 
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Minerals Manage.aent Service 
Alaska OCS Region 
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Arce Alaska, Inc 
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Minerals Management Service 
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Monerals Management Service 
Alaska OCS Region 
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Lason Company USA 
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Anchorage, Alaska 99519-6001 
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Oregon State University 
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Newport, Oregon 97165 
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ARCO Alaska 
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Anchorege, Alaska 99510 
(907) 263-4971 
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Munerals Management Service 
Alashs OCS Region 

949 Last 6th Avenue, Room 110 
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(907) 261-4080 


Andrew MoC usher 
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GO! East 57th Place 
Anchorage, Alaska 99518 
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University of Alaska, Faubanks 
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232 lweng Bidg 

Fawbenks, Alaska 9970! 
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US. Fok and Wildlife Serve 
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Anchorage, Alaska 99503 
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US. Fieb and Wildlife Serve 
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Anchorage, Alaska 99503 
(907) 786-3485 
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APPENDITS ¥ 


CONVERSION TABLE 


CONVERSION FACTORS 
Teo Convert Isto Multiply By 


millimeters (mm) 
centimeters (cm) 
sacters (m) 
meters (m) 
kilometers (km 
kilometers (km) 


square meters (m’*) 
square kilometers (km?) 
hectares (ha) 


liters (L) 
cubic meters (m*) 
cubic meters (m?) 


milligrams (mg} 
grams (gm) 
kilograms (kg) 
metric tons (mt) 
metric tons (mt) 
kilocalories (kcal) 


mches (in.) 

mches (in.) 

feet (ft) 

fathoms (fm) 

miles (m:) 

nautical miles (am) 


square feet (ft?) 
square miles (mi*) 
acres 


gallons (gal) 
cubic feet (ft*) 
acre-feet 


ounces (oz) 
ounces (oz) 
pounds (Ibs) 
pounds (Ibs) 
short tons (ton) 
BTU 


Fahrenheit degrees (*F) 
Celsius degrees (°C) 


inches 0.03937 
inches 0.3937 
feet 3.281 
fathorns 0.5867 
miles 0.6214 
naut.<al miles 0.5397 
square feet 10.76 
square miles 0.386! 
acres 2471 
gallons 0.2642 
cubsc feet 35.31 
acre-feet 0.908 106 
ounces 0.00003527 
ounces 0.03527 
pounds 2.205 
pounds 2205.0 
short tons 1.102 
BTU 3.968 
millimeters 25.40 
centimeters 2.54 
meters 0 48 
meters 1.829 
kilometers 1.609 
kilometers 1.853 
square meters 0.0929 
square kilometers 2.590 
hectares 0.4047 
liters 3.785 
cubsc meters 0.02831 
cubic meters 1233.6 
milligrams 28353.00 
grams 28.35 
kilograms 0.4536 
metric tons 0 0004536 
metric tons 0.9078 
kilocalories 0.2520 
182°C «32 

0.5556 « °F ~ 32 
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